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RELATION TO THE UNITED. STATES NAVAL, 
COMMUNICATION SERVICE. 4 AND 


By c. Hoorn, v. Ss. 


Marconi by name, had successfully. demonstrated an invention 
of. his whereby, messages. had -been transmitted and. received 


between, distant points. considerably. beyond the range of visi- 4 
bility without the use of connecting: wires—had, in fact,. com- 


municated space by. ‘means of. a ‘system. of. 
telegrapliy.” 
| science were being made and demonstrated, the reports con- 
cerning: ‘the: of a method of 


items first appeared in thé public press relating that an Italian, ae 
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were with some by the public 
_ generally, as the-only means of rapid signaling between distant 
. points then known, namely, the land line telegraph and ocean 
cable systems, could not fustction without the use of connecting 
wires, and it was “generally believed to. be impossible to ex- 
“change rapid communications between points separated by 
distances’ of the order of 50 or 100 miles without, 
connecting wires. 


It was manifest to all, apineceik that should it be possible 


to develop a method of signaling ‘which did not require the 
use of ‘connecting wires, rapid communication could be had 


- “with ships at sea—and between ships at séa—with the resulting 
"enormous possibilities from a humanitarian and military point 
of view, and therefore the reported demonstration of Signor 
Marconi. was a matter of great curiosity and interest to the 
‘Navy and the reports to this achievement 
were closely followed. 

The fact that the system was sfacticalile sail to 
‘sea-going ships having been eventually established to the satis- 


faction of the Naval authorities, steps were ‘taken to apply 


it to the Naval service both on shipboard and on shore, and 
from this beginning, which was modest indeed, the progress _ 
of development) of the art of: “ wireless” or radio. signaling 
has been consistently advanced by the Navy, culminating for 
the time being, in the achievement of having successfully 
2 completed, ‘as a war measure, the great Lafayette super-high 
“power station in France, the most powerful radio station in 
the world, and whose test signals beginning on August. 2ist, 
4920, consisting of the word “ LAFAYETTE” repeated over 
y ‘and over again, being spelled out by the usual combinations 
“Of dots and dashes comprising the alphabet of the International 
“Morse telegraph code, spanned the entire globe. 
the United States: Navy then the distinction of 


cating ue over the world, 


i 
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, General Pershing, in the name of the United States Army, 
spoke to the French Army and nation at the tomb of Lafayette 
in Paris.and. his.-words, in_all likelihood, :will. be. 
in history for the perusal of future generations, -, 

-The Lafayette radio. station; located, at the small. paibive 
a Croix d’Hins, 16 miles from Bordeaux, began speaking on 
August 21st, 1920, as a virile living testimonial of the United 
States Navy, not only to France but. to the peoples of all 
lands, to aircraft in flight among the clouds. and to, ships on 
all the seas, and this station will, b ODO doubt, continue so 
to.speak to future generations... 

interesting coincidence in. eoanestion, with the. 
of the tests of. the Lafayette station is that.a statue of General 
Lafayette, which had been presented. to, France by. America, 
‘was unveiled at Metz by Marshal Foch on August 


“WIRELESS: OR RADIO CHARACTERISTICS, 


Before: ‘proceeding’ with’ a discussion the 
led tip to the’ establishment of the Lafayette’ radio station, the 
magnitude of the work involved in its establishment, the 
general description ofthe station and ‘its relation’to ‘the Navy 
atid to the World War, it may be ‘well to discuss briefly’ and 


‘in general ‘terms, the” comparatively new but highly technical . 


radio art; whose’ development i is still ‘in its infaticy, atid’ also 


some of the principal difficulties 


this medium of communication. — 


Electricity°‘as force or power is in use 


throughout the world’ and the peoples of alll civilized lands are 
‘hore’ or less familiar in a general at Teast 
with its manifestations’: 

‘Bleetrice lights in homes and’ places of on ‘the 
streets of towns and cities; on automobiles; electric street 
ititerurban’ transportation; the clicking of: telegraph 
in’ railroad and commercial felegraph, the 
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human voice in the telephone instruments, are some’ of the 
more commonplace manifestations, and these manifestations — 

_are all the result of electric or electro-magnetic forces, or com- 
binations of these forces with other forces. : 

Radio communication is also the resultant of 
neti¢’ forces, but of inherently widely different. characteristics 
from similar forces used for ordinary purposes. © 

The principal distinction between electric or 
netic forces used for ofdinary purposes and the electro-mag- 
netic forces ‘used’ in radio,and the distinction which ‘stands 
out most prominently and can be more: generally understood, 
is that for ordinary purposes these forces cannot be utilized 
-and the systems will not furiction unless a complete metallic 
path; ‘consisting of copper wires of other electric conductors, 
-or a complete path formed partly by metallic conductors and 
partly by the earth, is provided’ for the flow of the electric 
current from its source to the points at which the manifesta- 
tions take place and back again to its source; whereas for radio 
purposes. no such path is required,. the atmosphere. or the 
“Sether’’. being, the only medium | moaned, between 

how. a. radio station on.a ship. which is far out at sea and 
separated, say, 500 miles. from another ship at sea equipped 
with; radio apparatus, and also separated, say, 500 miles from 
a land, radio, station situated on the nearest coast, can, by 
merely causing an electric current to flowin the antenna which 
is stretched, between the ship’s masts, send messages.to the 
shi or station, oF to both: and by dis- 


to the same antenna, receive 


necessarily be: given off, by, the. ship’s: antenna, to. cause-even 
the most feeble manifestations to take place at other radio 
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stations 500.,miles away. Nevertheless. these manifestations: 


take placein the form of movements of the diaphragms-of the: 
operator’s head phones and cause sound. of sufficient intensity 
to enable the operator to easily recognize the combinations:of 
dots, and. dashes. comprising the alphabet of the International 
Morse telegraph code in which radio-signals are sent.) - 


To persons-in the immediate vicinity of radio stations when 


transmitting messages, as.on shipboard, no. apparent, change 


in the surrounding conditions can be detected. while the ship’s- 


antenna is giving off energy, and as a matter of fact-no one 
on board ship,other than: the radio, operator may be aware 


of the fact, that the transmitter is functioning!) 


It may. be. asked-+what is this force, which is. not jvisible: 
and cannot be; physically grasped,but,which is sufficient, to. 


cause the diaphragms.in the operator's. head. phones. at distant, 


stations to vibrate in response, to, radio. signals sent! out by, a, 
transmitting station—and what is the nature,of, the intervening: 
medium. by. which .this., is, or) 
thrones: space? BHR Hol 
answer, in, with, the, accepted. 


that the ‘earth is. immersed. in an: illimitable, ocean -ether,, 


just as fishes are in water, that the ether is an almost infinitely. 
elastic, infinitely tenuous substance which surrounds and 
permeates all‘matter and all space,‘ that the ether is normally 
at rest, with; respect, to all.moving bodies and) all. other, sub- 
stances: and.that, the only, force -which;.can, disturb and, set..in: 
motion the.ether, is the, production ,of, an.electrical; discharge’ 


in it, and that by producing;these electrical discharges, electro-. 
magnetic or,.ether,, waves. are created: which possess electro-. 


magnetic. energy, and. which travel outward, and,,away, from: 
the point of disturbance. to.all points of the; compass. with the. 
speed of light, or at, the rate of 300,000,000 meters.or, 186,000. 
miles .per second, and: that these) waves sweep across the 


wires of an antenna in their, path; some of the.electro-magnetic: 


energy contained in. the waves is given up:by inducing or creat- 
ing feeble electric currents. which flow, in, the antenna, jthese. 


| 

the ; 

| 
ons } | 
ag- 
tics 
ii 
sed, 
ized 
allic 
tric 
sta- 
adio 
| 
ii 
iple, 
and 
yped 
| 
dis- q 
ting 
owl- : 
sin | a 
must 
adio 


388 LAFAYETTE RADIO STATION. 


iniduided: currents in turtl creating eufficiettt magnetic force in 
the’ receiving ‘apparatus fo" actuate: the’ arin 
operator's head phones. 

“Since; ‘according to the vay’ 
betweeti ‘radio stations is the'ether, which ‘surrounds and  per- 
meates the entire globe, it would appear at first! hand that’ all 
that ‘would ‘be necessary ‘to inaugurate and maintain | radio 
communication service would be the be 
tion of the required stations. | 

‘It is‘after the stations established in 
operation, however, that the’ difficulties of operation manifest 
themselves, as the operators at the various stations will attest; 
those who’ serve’'their own and sister ships’ passengers and 
crews, while at sea, by constatitly “ exploring the ether” for 
messages or distress signals, by means of their receiving ‘ap- 
paratus; those in the trans-ocean stations on shore endeavoring 
to'carry on communications, and the many thousands of ‘ama- 
teur operators who have their stations scattered all over ‘the 
United States and other parts of the world, and who com- 
mtinicate with one another within the transmitting ranges of 
their “stations, or “ — er — mers more 


INTERFERENCE BETWEEN RADIO STATIONS. 


The’: transmitting ‘apparatus at radio transmitting stations 
adjustable to from one to’as many as 15 different “wave 
lengths” or “ether routes throtigh space,” so to speak. These 
waves may be’ as low as 100 meters and as high as’ 25, 000 
meters: in length, depending on the design and arrangement’of 
the equipment for the service in which the stations are to’be’ 
used. Radio’ receivers now in use are teadily to 
any’ wave lengths ‘from. 100 to 30,000 meters. 

owave length, ‘in’ radio technique, is defined ‘as ithe 
tance through ‘space’ traveled by ‘the wave or electro-magnetic 

oscillation, during one: complete oscillation or’ in 
electrical ‘circuit producing the wave. 
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For, example, a transmitting: station in operation: using 
wavelength of 1,000 meters! indicates that the antenna circuit, 
in» conjunction, with :theearrangement ‘ofthe! circuits of the! 
transmitting apparatus, is:so arranged that: the electricallength’ 
of the: circuit, lis such as ‘to: requite a iperiod: of»time:of; one: 
threehundred thousandth of second ‘for the electric: current: 
to flow from its source, through thei-various circrtits: and: back: 
tov its source, reverse its direction and again: flow from: its 
source, through ithe various \circuits: andsagain ‘back: 
source,' in other words; completing :one’ electrical; -oscillation: 
or cycle; the rate of speed-of flow for an-electric:current being: 
given: as:-300,000,000. meters::per.-seconds- During: this 
latory period the ether wave will: have traveledsaway from: 
the station a distance of 1,000: meters:and during ‘one: second 
will have traveled 300,000,000 meters or:186,000 milés.: ‘These: 
waves, therefore, will spread.over theearth from: the. point: 
of disturbance and travel. completely around: a 
ber of times during one second of time.! 000.5 
df, at awreceiving station, the receiving. is adjusted: 
corresponding: to wave: length-of- 1,000: meters» and: if: the; 
transmitted! signal is: sufficiently: powerful, the 
ment will respond to, the transmitted: signal: 
In the:present stage of the radio art it iis not feasible 
_ toladjust the transmitting apparatus: to an exact Wave length’ 
without causing; the energy! contained; in the’ ether wave to: 
“splash over,” so to speak,-oni either side of the basic wave and’ 
as a result comparatively: “ broad’: waves are transmitted: by. 
_ many radio, stations and invariably two or more transmitting 
stations of approximately equal power;' located: within a: few: 
hundred miles of each other and functioning simultaneously on 
the same or nearly the same wave lengths, will ifiterfere with’ 
one another within their effective transmitting ranges, that is to 
say, the operators at receiving stations ‘will usually be:unable'to 


distinguish’ ‘the signals’ any one’ ‘through the interfering 


‘ 
: 


| 
| 
} 
| 
| 
yf | 
re 
1S" 
se 
be 
is- 
Hie 


390 LAFAYETTE RADIO STATION... 


s Radio stations are now becoming so numerous that endeavors 
are being made to:limit this: splashing ‘over effect so that wave 
lengths of: the different classes of ‘stations may ‘be separated 
by only a few meters; and at the same. time prevent ‘stations: 
in the same general locality:from interfering: with one another, 
to the:end: that the différentoclasses ‘of stations may operate’ 
simultaneously, and still get their traffic through.) 

“Incthe present stage of «the radio! artthe shortest wave’ 
length which can be advantageously used by’ transmitting sta- 
tions:¢orresponds to:about 100 meters in length and the longest: 
to ‘about: 26;000: meters; «The longest: wave “length: actually’ 
employed at:the: 23,450. meters, issin' 

The: shortest: wave ‘lengths:are ‘by: aircraft with: their 
Smal} antennas areeffective’ for’ only ‘comparatively: 
short; distances, the:med#unm length waves by ship coastal’ 
stations, arid':are' ‘effective for distances of the order 500 
or 2,000 miles, and the longest waves: by the: supet-high power 
trans-ocean stations with their immense! antenna ‘systems sup- 
pottediat great:heights'by self-supporting steel towers or guyed: 
masts and :areveffective up tordistances of: not less than 12;000: 
miles in all direction’:from' the transmitting station: 

the So-called “splashing over"of theenergy'con- 
tained! in. ether: waves produced (by radio apparatus: in’ the’ 
present,stage of development! of the; radio art; Jess than 300’ 
waves of: different lengths: or: ‘iether. routes,” so to:speaky ‘can 
be ‘utilized for practical communication purposes, notwithstand~ 
ing’ the:-many thousands: ‘of | all: classes in: 
existence throughout thesworld.: : 2001 

This feature possessed no: so long:as the’ 
maximum: effective transniitting: ranges of stations did\not: 
the:order iof 2,500) miles, as! the number of. 
stations ;having« canges ;on» shipboard -and:; within: the 
boundaries: of ;the! different countries. could:be controlled, and, 
widely different wave lengths could be used:arid.suitably timed: 
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transmitting schedules could be adopted; to. avoid 
fetence between stations!) toe gia off 

With the development of 
station, having effective world-wide transmitting ranges; how- 
ever,this aspect: of the situation assumes serious proportions 
as the only means of preventing interference between a:number 
of: such, stations situated, throughout: thé: world» isby:‘suitable: 
separation of wave lengths, and the: number, of: such: stations: 
which: may be:established: and successfully operated; deperids 
onthe» number: of «wave lengths -available: for international: 
assignment within the long wave length iband after providing: 
for: the tequired'separation between wave lengths in this: band:; 
The prevention of interference between stations, particulatly: 
as fegards the: super-high power. stations, therefore; bythe: 
development: of improved radio: equipment. which will, radiate. 
energy only onthe exact wave length to» which it is: adjusted; 
andselimiinating, the.-so-called splashing: over) of he waves! 
under any conditions, -is one-of the: yet to: 
the radio: bpail, odd roti. 1938: 


difficult is, awaiting ‘by. the 
radio, engineer. and the one which has. been and. is now. of 
primary importance to, the radio. service is the, elimination 9 of 
the of. on, the. radio at, receiving 
stations. H ani bey rib 
or. ‘electrical disturbances. in ‘the. ether. “caused by 
electrical discharges between nearby. clouds during 
storms, Dy. electrical discharges from, clouds. to the earth, _and 
by other, causes which are not. as yet generally understood, are; 
a. veritable nightmare to. the fadio. operating personnel, as 
these discharges also set in motion, ether, wayes of varying. 
lengths and cause the radio receiving. apparatus within. their 
effective range to respond. with varying degrees of intensities, 
thereby creating exceedingly troublesome interference, which | 
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may ‘prevent,’ at’ times, the receiving operator from) distin-' 
guishing the signals sent out by a distant: station ‘which he: 
may be endeavoring tor 
- Statice: disturbances’ vary .in quantity, quality intensity- 
over a very) wide range: with respect to their frequency, wave: 
lengths; loudness:of response in the operator’s head phonies; 
also: with respect to, the ' seasons, localities, and: to) 

‘For:example; these disturbances: are much: more prevalent: 
in\'the:tropics than in: more northern areas during thessame 
seasons of the year; vary in intensities: during different: 
periods of the day and night,.and when static:is prevalent): the 
radio: receivers! will usually»tespond to it at practically equal 
intensities over the entire range of the instrument, regardless 
of the wave lengths to: which they may: be adjusted::During 
certain ‘periods of the year arid in various localities, particu-. 
larly in the tropics, static-may become so severe’as to'cause: 
a continuous roar with intermittent crashes of sound: of: still 
greater intensity in the operator’s head. phones for hours: or 
possibly several days at a time and during such “ static storms” 
as they are called, it is ustially impossible for an operator to 
distinguish other than very loud radio signals. 

- Static disturbances begin to ‘manifest themselves during the 
spring months, become more frequent and intense bea 3 tte’ 
_summer months and disappear inthe fall. 

“As a rule there is experienced ‘very little’ 
static during the winter months and it is during this season 
that carrying on communication by radio isa ‘Pleasure’ rather 
than a hardship to the operating personnel. 

“To give a broad iflustration of the troublesome 
interference caused the radio operators by vagrant ether waves, 
or static, this source of interference may be compared to an 
intruder tapping a telephone liné over which a’ “conversation. 
is taking place, and insisting on speaking’ over the line during 
the ‘conversation, either at or 
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shouting!’ 

“This may be! to the: 
of ‘interference between radio stations themselves which ‘may 
be situated within the effective range of each  other’s trans- 
mitters when the’ transmitters are’ adjusted to’ the: same or 
nearly the same wave lengths. 

“An operator on a’ship at sea, for example; who be 

copyitig ‘a ‘message from another ship or shore station on the 
commercial wave length of 600 meters, can never tell when 
other ship or shore stations within the effective range of ‘his 
receiving apparatus may start transmitting on wi same wave’ 
length. 
As practically all commercial ship radio traf is is now trans-- 
mitted on a wave length of 600 meters and. as thousands of 
sea-going vessels are now equipped with radio, interference 
between stations is the rule rather than, the exception and. 
results in endless repetition of radio or parts. of mes- 
sages from this cause alone. ; 

Radio operators must remain on duty i in n their receiving stax 
tions and wear. their head phones when heavy static is preva- 
lent as well as at other times. The only exception to this rule, 
is that. when electrical or thunder: storms are in progress in 
the vicinity of the station, At such times the receiving appar- 
atus is disconnected from the antenna and the latter connected 
directly to the earth. On board-ship the antenna is connected 
to. the hull of the ship which in turn makes electrical contact. 
with the sea, If electrical charges collect on an antenna: during. 
a storm, or if the antenna should be struck by lightning, the 
charge will be carried direct to the earth without, injury to.the: 
operator or damage to the equipment providing the antenna 
has been grounded. After an operator has been, on, duty at a 
busy, radio. station, for from four, to eight, hours. at a stretch, 
contending with interference between, stations. and, from static, 


he is usually exhausted physically from the mental, nervous 
strain he has undergone. 
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Itis likely that,.as a.general rule, passengers on the palatial 
ocean liners, for example, give little or no thought. to, the 
comparatively few radio operators.on board, some one of whom 
is always on-duty: in the radio-room: both day and, night and. 
patiently performing his duties, sometimes: laboring under very 
great difficulties known only, to. and to. — 
operators. gist 

» Various devices; hawe been. which the effect 
of considerably reducing the effects, of static and. interference. 
between!-stations but these effects stillconstitute the only,,re-, 
maining serious obstacles to satisfactory, world-wide communi-., 

f 

trical energy is cotitrolled afd! guided by ‘the individual’ metal 
conductors physically” ‘connecting ‘the’ ‘Various’ stations, thé 
electro-magnetic energy, by the utilization of which’ tadio ‘sig: 
naling is made possible, is discharged inte’ the atmosphere 
the transmitting station’ and this electro-magnetic energy 
travels away from ‘the station’ ‘to’ ail poitits’ of the -Comipass in 
the form of ether Waves, fal 

‘These’ waves have tld Timits' ‘as Tegards the’ travefed' 
through space, but the energy Contained in ‘the waves’ decreases 
with the square of the’ distance. ' While the basic’ fintitation as 
regards decrease in eniergy ‘of ‘ether ‘waves With ‘the’ distari¢e’ 
is general application, ‘the effects as tegards actual ' energy’ 
dissipation ‘vaty in different localities; ‘with’ different seasons’ 
of the year, and finally with: to ‘the’ daylight and dark 
hours in all areas. ive 

“Either waves greater relative’ ‘pereeritage’ of 
while traveling through’ space over some areas as 


of ene when traveling over salt water than ‘over fresh water, 
when traveling over fresh water than over land, when travel- 
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Fic. 1.—GrarHica, PLAN oF THE ComPLETEeD STATION, SHOWING THE 
Re.ative Proportions oF THE Rapio OperaTING BUILDING, THE EicHT 
IMMENSE SELF-SUPPORTING STEEL TOWERS, AND THE ANTENNA SYSTEM 
SUSPENDED FROM THE Tops oF THESE TOWERS. 
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ing over'comparatively flat'country than over mountainous or 
relatively uneven country, when traveling over areas north 
of the equator than over similar areas south of the equator. 
A ‘radio station which has an effective communicating range 
of say 500 miles during the spring, summer and fall 


months may have no difficulty whatever in working over dis- 


tances of 1,000 or 1,500 miles during the winter months. 

The signals from certain radio transmitting stations may 
be copied with ease at a receiving station at night although the 
signals from the same transmitting stations may be inaudible 
during the daylight hours. .An operator on a ship in mid- 
Atlantic’ at night during the winter months can readily dis- 
tinguish signals) from medium’ power coastal stations in the 
United States, France, Germany, Italy, the British Isles, Spain 
and Africa) in turn, although, during the daylight hours, in 


the summer months, he might not at times be able to hear sig- 


nals fromeven high ‘power stations, other than super-high 
power stations such as the located in ery 
‘of these countries. / 

‘Tt will be the that to insure ‘facilities 


for ‘reliable and ‘cofttinuous ‘transatlantic communications ‘by 


radio ‘between ‘our forces in France and the United States 


Government; during the daylight and hours of every day 
in the year; would ‘likely result in ‘the establishment of -a’sta- 


tion sufficiently powerful to readily communicate around the 


_, CONCEPTION, OF THE LAFAYETTE RADIO STATION. 


‘responsibility’ for insuring satisfactory commiunication | 


service with our Atlantic, Pacific and Asiatic Fleets and ‘their 
auxiliaties; devolves on’ the officers of the’ Naval ‘Comimunica- 
‘tion "Service) therefore upon our entrance into the World 
‘War, Butopé: being the battleground; our immediate and pri- 
mary responsibility was to'seé to’ it that satisfactory Befvice 
was provided for our forces in'the Atlatitic: 
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High, power radio, stations were available, on. our, Atlantic 


coast which could be: utilized to insure adequate and. satisfac- 
tory service to our ships.crossing the North Atlantic (until 


they should: come. within communicating range of the, high 


‘power stations of the Associated Powers on the European 


side, and. the cables were to, 
this service... 

These stations were German stations 
N. Y., and Tuckerton, N.. J., and the Marconi, Company’s 
stations, at: New Brunswick, N. J., and Marion, Mass. . The 
Naval station at Arlington, Va., just outside of Washington, 
was also available. Several medium and low power stations 
were located along our Atlantic coast and were ™o — 
for other than long distance work, 


All ships of the. Navy; from tugs to had 


equipped. with. radio, therefore contact could.be had 


through thé shore stations and satisfactory service, ten our 
forces in the Atlantic was assured... ; 
The Sayville station established by 


during the year 1912 and was used to communicate with a 
similar station, at Nauen in Germany. The maximum. effective 
power of this station did not exceed one hundred kilowatts 
and it was found to be entirely inadequate in power to. render 
_ service with Germany.at other than intermittent 


static was not prevalent... 
Nevertheless this station proved to: of incaleiilable 


’ to the Germans after the outbreak of. war in 1914,.as the 


German transatlantic cables were promptly cut by the Allied 
Powers and the only means of transatlantic communication 


Sayville station. . 


| volumes of traffic passed through this station, but, of course, it 
-was woefully inadequate to meet the full demands made upon 


it and it, was often |virtually inoperative for, transatlantic 
service due to interference from static.) 
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_ Officers: of 'the:.Naval. ‘Communication: Service; had. been :de- 
tailed to this station as'censors upon the outbreak of war; and 
dater:on—but while our. country was still maintaining nettral- 
-ity—+the German opérating: personnel were: oper- 
» The Tuckerton station was under: by’ 
when the war broke out but. was rushed to completion 
and placed: in service. The effective power of thisstation, was 
somewhat less than the Sayville: station, ‘but it, handled:some 
transatlantic traffic with a station at) Hanover in Germany and 
-also with the Nauen: station. . The ‘Tuckerton ‘station: was also 
-taken over for: 
The New Brunswick: by: thie Marconi 
‘Wireless Telegraph Company of America, which company-was 
then controlled ‘by: the: British Marconi, Company,;:for»com- 
municating ‘witha similar station at:Carnarvon,: Wales; This 
station had: beeti completed: just: prior.to the beginning. of 
‘hostilities: in» Europe, but: it» was’ found: to: be entirely. umre- 
liable and unisatisfactory forthe | purposes intended.) 
result of limitations: placed: on: the,Carnarvon station’ by the 
British authorities: upom the outbreak of the New Bruns- 
wick station: would have been obliged to: remain i inoperative 
invany event and extensive ¢xperimental development 
-work. was therefore undertaken at New Brunswick/to' improve 
the:station.: As a ‘result of this experimental arid development 
work a/new>typé:of radio. transmitter produced. by ithe 
‘radio éngineers: of: the: General Electric: Company! known as 
thes Alexanderson, Alternator and: onesof ‘theseiunits; of 200 
‘kilowatt power capacity, was installed im the:station under the 
sauspices of the Naval Communication Service after!the: station 
had been taken‘over for operation)as:al war measure, 
The New Brunswick station rendered most valuable ‘services 
tothe Navy and the Government during the: war;thisistation 
being: eventually the Nauen station; the 
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marines, in which event the only means of maintaining con- 
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correspondence’ from the United States: Government: to 'the 
‘German Government which led upto the Armisticé:|) 9) 
<The Marion: station’ had not yet been completed when: the 
‘United’ States entered the war and when finally corpleted. 
it was found entirely unsuitable for transatlantic work. “This . 
‘station had ‘not yet ‘been placed: in an operative: condition at 
‘the time of the signing of: the Armistice and therefore: it -ren- 
dered no'service to the Navy, service ‘to 
available without this station. 

In order to improve the’ the: anid 
‘etton’ stations for war purposes the German apparatus -was 


ordered replaced by Navy standard transmitters of the Poulsen- 


Federal type, a 200-kilowatt transmitter being ordered installed 
vat Sayville’ and a 100-kilowatt transmitter /at Tuckerton. |’ 

-s Similar: equipment of from 200:kilowatts:to 350 kilowatts 
“power ‘capacity ‘had previously been ‘installed 'in the stations of 
the Naval transpacific'high power radio:circuit'at San: Diego, 


Calif.;;: Pearl Harbor, Hawaii, and Cavite, Philippine Islands, 


-and had given ‘satisfactory service for poe of from! 2,500 

“ With:the improved New: Brunswick, ‘Sayville and Tuckerton 
mot ‘reliable and adequate: service assured: to 
our ships'in any part of, the North Atlantic, but these three 
‘stations would also be available to ‘render transatlantic ‘service 


with ‘suitably equipped stations in: Europe; under! any but the 


worst atmospheric ior static: conditions, and ‘they could; there- 
‘fore, be used to: augment the transatlantic cable services #00 
Ttwas becoming apparent that the transatlantic cables'were 


loaded to'their full traffic capacity: and it: was obvious én 


‘orderto take of thé -prospective' enormously” increased 
‘volume ‘of: transatlantic communications, occasioned »by 
presence of ‘Jarge’ bodies::of “im 
-would-have to be’had tovradio.: : SHT 
Moreover it’ was felt:in the: 
was‘igrave danger of the. cables:being cut by: Germani‘sub- 
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tact! with our: Expeditionary: 
would be: by ‘radio. po 
of thein Eiffel Tower station in Parisiand they began the'con- 
structioni new» station: at: Lyons for ‘communicating -with 
the United: States, The Italians: began theconstruction of a 
station near Rome for the same purpose and: the English were 
endeavoring to improve their Carnarvon station with the:same 
end im-view.»' The existing or projected European’ stations and 
those'.on. our Atlantic coast,» however; didnot ‘exceed «250 
kilowatts: power ‘capacity, and while these stations could: be 
relied upon to: give satisfactory: transatlantic: “service: when 


‘heavy static was not prevalent; they could not’be expected to 


give ‘continuous:efficient service, particularly during*the:sum- 
mer months when interference from) static is at its: maximum. 

After careful study had been given to'the situation in col- 
laboration with the Allies, and having-in‘mind the’ possibility 
of some‘or all ofthe cables being cut by submarines, the: Navy 
Department decided: to establish :a' super-high: power ‘station 
of 500 :kilowatt power capacity: at “Annapolis; 
certain that facilities would be: available to transmit“communi- 
cations, to our’ Expeditioriary Forces'in France’ at alb:times 
and independéntly of the cable systems’if necessary; and’ the 
Department advocated the construction of/a similar station in 
France; but .oftwice this:power, 1,000 kilowatt capacity, to 
insure communications from France to the United 
Static and, other: atmosphericiconditions unfavorable ‘to the 
recéptiom of radio»signals are’ much more ‘severe along’ the 
Atlantic coast: of:the United States’ than’ they'are'in Europe, 
therefore much more ‘powerful transmitting ‘station: would 
be required ‘to’ transmit ‘more’ powerful: signals! across 
Atlantic to insure: their reception inthe ‘United: States’ than 
would be:the case for signals from this country 


from the Navy Department in Washington for duplex opera- 
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Station, inthe, Department, thereby enabling »messages to be 


received ‘from European ‘stations :ati the:same time ‘messages 


‘were being transmitted to: Europe: from: the Annapolis station. 


transmitting! equipnient at: tadié! transmitting: stations 
can readily be coritrolled, for, signaling, froma remote control 
and-receiving station located several;miles away, byconnecting 
the two stations with larid:line telegraph ‘wire. citcuit and 
causing electric curtents.to traverse this circuit. ‘Theseelectric 


currents energize electro-magnets at, the transmitting: station, 
the electro-magnets in-turn alternately:closing and opening the 


key contacts, in 'signaling ‘system, this:closing and: opening 


of; the key: contacts in the signaling system corresponding: to 


the dots and dashes made | 


at the: remote control stations! 
By docating a remote control and: station: for: high 
pebee radio transmitting stations twelve or moré miles distant 


from: the, transmitting: station, and if modern radio» receiving 


equipment operator ican receive weak signals’) from 
a;distantstation:on a wave Jength of say-10,000 meters ‘while 
another; operator is sending signals from the: nearby: trans- 


mitting station on wave length of 15,000 \meters::; The 


distance - between Annapolis: and Washington, being approxi- 


mately 40, miles, in an) air line, | 
relied-upon for satisfactory services) 


{The question of radio! as» they affected the 
allied, and associated powers; had ‘under, considera- 
tion, by an Inter-Allied: Radio: Commission: in! Paris, /a 
decision with respect to the éstablishment of an extra powerful 
station in. France: for’ communicating: with the United) States 


had, not yet:been decided, when-on November 28,°1917;/a 


eablegram.was received in the War:Department from Geheral 
Pershing containing urgent recommendations: thati steps: be 
taken. immediately in: me | by 


other words, itaigive the controll of the transmitting — 
equipment, for signaling, to operators located:in:the receiving — 
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No: specific recommendations;,were made in -this cablegram 
concerning improvements: to: existing high power stations. or 
the! establishing of, additional super-high power stations either 
im France| or in-the, United were details, to be 
taken care of by our Government. 

The cablegram.from General Pershing. the con- 
tentions of the: Navy Department, that there was grave danger — 
of the cables being cut; which view, up to this time, apparently 
was not; shared: by all of the associated governments, although 
they were preparing to augment the transatlantic cable service 


to some, extent by: the, of. 


Hilstes: wld 


Correspondence, which later: thet Department 
disclosed the anxiety shared by our officers in France concern- 
ing: the possibility. of, interrupted. communication with, our 
Government, :. A;letter written in Paris: by General. Russell. to 
General Pershing dated. August 23rd, 1917, .reflects the anxiety 
felt.in this regard.in the following words: 


There is no question, of the, grave situation | in, which, we 
may find ourselves as a result of. extensive:cable-cutting; which, 
inthe belief: of all.cable authorities: I, have. consulted,;may be 
easily effected, by. the enemy. ‘The enormous: importance. \of 
immediate provision of reliable extensive: transatlantic radio. 
telegraphic: service isi therefore evidents? 
‘Upon: receipt of General Pershing’s cablegram of November 
28,:1917,.a conference between. communication representatives 
of the Army and Navy: was immediately called to considen the 
situation: and met at; New. London;Conn:, on: December: 4, 
1917, and again at Washington on December 12, 1917. Rep- 
resentatives of the associated powers) were! present at these 
conferences: and ‘they: were therefore of the: nature: of -inter+ 
allied) communication, conferences :to collaborate with and 
advise the Inter-Allied Radio Commission in Paris::;which 
Commission: was:then holding frequent sessions to study and 
examine :-into, conditions radio! communication 
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result of the deliberations ofthe ‘conferences ‘held at 
New London and Washington, it was decided to expedite the 
improvemerits which were under way at the Sayville, Tucker- 
ton and New Brunswick stations, to remotely ‘control these’ sta- 
tions by land line connections from a‘central control station for 
simultaneous transmission and reception; to‘establish additional 
yeeéiving stations in localities where the electrical conditions 
appeared to be favorable to’ assist in the reception of signals 


from existing and ‘projected European stations, to’ rush the 


completion of the Annapolis ‘station with its remote control 
facilities’ from Washington, to investigate the question of 
possibly establishing a still more powerful station than ‘the 
projected’ Annapolis station in one of our southern’ ‘states 
along the Atlantic seaboard where ‘sleet and ice formations 
were fot likely to occur during the winter months, thereby 
endangering ‘the continuous operation of ‘the - station’ by ‘the 
collapse°of the antenria system in winter; to urge the expe- 
ditious completion of improvements ‘to existing’ stations’ in 
allied countries and the completion of the projected new sta- 
tions; and? finally; to’ insist) on ‘the immediate ‘construction 
of a station in: southwestern France* of not less ‘than “1,000 
the Navy Department that a super-high power radio’station be 
established in France: for communicating ‘with the United 
States): but) as ‘yét no’ definite information ‘had’ been made 
available as to ‘inthis’ te- 
‘Tardieu, Bench’ High in the United 
States, on October 29, 1917, reflected’ the: Department’s: atti- 
tude in this: in tor his 
tidicrdanelens to the construction of a new very powerful radio 
station.: It requests to be informed without «delay if: it ‘be 
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decided to construct such a station, 
assistance so’ faras iconcerns the rapid. supply of 
material which would be required.” 

- This cablegram was followed by another from the’ avec 
of the Navy to the United States Naval Attaché at ier under 
date of October 31,1917, as follows: 5 | 

_ “Request ‘immediately.’ full information. te action 
being: taken in France to establish new extra powerful radio 
telegraphic station. If. material from the. Univer is 
necessary, itiform us immediately.” 

Information had, previously been: ales available. to ‘the 


_ French authorities that the Navy was prepared to obtain and 


furnish arc radio transmitters of as high as 1,200, kilowatt 
power. capacity; self-supporting steel. radio towers of not. less 
than, 800 feet in height, and also to, undertake the: establish- 
ment and: of extra France. 
so desired. 


_ The, Navy the of 
insuring the maintaining of facilities for the exchange of rapid 


. communications between France’.and,; the: United States.) was 


impressed with the gravity of-the situation which would. con- 
front our Government, if, after. transporting a, huge. army. to 
France, communication with these forces should be interrupted, 
owing to the: failure of the ordinary channels of communica- 
tion, and contact with our troops should be lost for. compara- 
tively long, periods. of.time.. The Department’s recommenda- 
tions. concerning the extra powerful radio. station’ in France 
were made withthe view to making this contingency as remote 
as it- was possible so to do. Plans had been completed for the 
extra. powerful station to be established .at Monroe, , North 
Carolina, and work on this station was about to begin when — 
the Armistice was signed, in, thie, con- 
nection .were abandoned. . 
_ As. a: result of the. ‘the. United 
States Government. following’ the, radio conferences at-New 
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Commission in Paris to establish: ai extra: powerfub:tadio 
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station''in France, the station’ to 1,000 kilowatt: power 
capacity. of bhsow doithy 
Ont was freely admitted by the French Government, however, 

that; owing to the conditions im France, the necessity:of turn- 
ing all creative energy into the’ manufacture of ‘supplies *for 
the ‘Army anid the dearth of skilled labor, would be imprac- 


ticable them to’ furnish skilled labor or ‘material except! for 


the coristruction of the’ concrete foundations: for radio 
towers and for the construction’ of the radio: buildings: It 
was agreed, therefore,’ that: the French would construct’ the 
tower foundations and’ buildings, the United States to furnish 
aiid’ erect ‘the! towets ‘and antenna’ system, also’ furnish’ ‘and 
install the 1,000-kilowatt radio trarismitters with all accessories 
complete’ in duplicate throughout. In the United States it 
was-agreed' between the War and Navy Departments that, as 
the Navy had had extensive experience in the design, con- 
struction and operation of high power radio’stations,'the Navy 
would take full charge’of the establishment ‘of the station: 
~The? ‘Annapolis station; ‘which was to ‘consist: among ‘other . 
major’ items, of self-supporting ‘600-foot steel’ towers as 
antefifia supports and ‘duplicate 500 kilowatt radio transmitters, 
represented the most powerful radio station project yet under- 
taken 'in'the drain had already been ‘made 
on’ the ‘qualified personnel available to the’ Navy to undertake 
this ‘work; leaving’ only a‘skeleton force from ‘which to build 
ttp'a working force to undertake’ the construction’ of the sta- 
tion‘ in France which work was to be of still greater magnitude, 
as the station’ in’ Fratice' was''to consist! of 8 self-supporting 

"Qualified was’ made / a 
force of more than 600 skilled workmen, ‘including steel work- 
ers, 'bridgemen, electricians, quickly: gotten’ together 
and sent to France; the first ‘unit of this force ‘arriving’ at 
Bordeattx ‘in the early spring ‘of 1918. force had’ been 
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fullyloliganized ‘under Naval officers;'a construction>camp of 
some magnitude established on the-radio station site and the 
actual construction of 'the station’ begumr by: May 28)1048. / 
Tw the:meanwhile’ the: design of the towers) antenna:system - 
and radio. equipment! had been>worked ‘out, their: manufacture 
was ‘rapidly being completed: itsentirety: 
equipment ‘had: begun arriving: at Bordedtixi! 3 
Some difficulty had been encountered, 
nettion ‘with ‘the shipments of suehJarge! quantities»of fabri- 
cated steéf for the |towers, dwing to: the' prevailing’ shortage 
of’ ‘shipping facilities and ‘the danger: to shipping: from sub- 


marines, ‘but practically all of'the ‘tower material and also-the 


radiontransmitters, ‘had: reached ‘the station site in France by 
October ‘Ist; 1918, an incredibly: short period of: 
inception of the project’ even under normal conditions.» 

The construction of the station was proceeding at a rapid 
rate and every possible ‘effort:was ‘being made! to complete the 
station and get it in operation at the earlest possible moment 
when' the titgent military for the’ station Was hullified 
and’ the driginial ‘motive for its’ construction climinated by the 


| signing of the Armistice on November 11,1918. 


During the’ latter’ part of' December, 4918; after it: 
apparent ‘that ‘hostilities’ would not’ be retiewed, ‘on’ the 
station was stopped and the construction force disbanded! and 
sent home; leaving only a’ skeleton’ force 'at the ‘cainp until the 
final disposition’ of the projéct could be ‘determined. ‘Subse- 
quently the Fretich Government’ expressed! a'desire to have the 
station’ ‘completed by the’ United ‘Statés as’ a post-war ptoject, 
in view ofthe’ fact ‘that the matetial and equipment ‘had all 
been delivered to the station site, the towers and buildings : 
were pattly érected ‘and sufficiently: skitted’ labor was hot avail- 
able to France to’ insure’ ‘the® economical! ‘completion Of"'thé 
work. ‘Our Government recognized ‘the! equity of the’ désire 
of the French Governitent’ in’ this respect’ and an agreement — 
between the two governments was formally’drawn up and — 
signed which provided for the completion of the station by the 
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Croix d’Hins, in the Department, of, Gironde... 
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Navy, :the French-Government'to assume the costs of 
material and equipment incident:to the entire project... 
A contract for finishing: ‘erection of. the 


- thereupon awarded by: the Navy to.an American firm, as it 


would have been ‘unfair to! expect the skilled: American work- 
men who had been engaged on this work to continue, with the 
work under their military. view: con- 
ditions. 

The erection. of the, towers on pi May. 1919, 
tower work. was) completed. in January, 1920. The 
work incident to, the construction of the antenna and. its sus- 
pension from the towers, the installation of, the radio-appa- 
ratus, ete., was continued with Naval personnel, including offi- 
cers-of, the Naval Reserve Force and. American civilian. 


the Midi railway, there i is situated ‘the small isolated at 


The Lafayette .Radio Station is situated one-eighth 
of a mile from Croix d’Hins on, a,tract of land. 
nearly. thirteen hundred acres. . 

The. history of the name of Croix d’Hins is quite problemat- 
ical, but the oldest inhabitant traces the origin around.a Mr. 
Hintz, who, being the. most important landowner, erected a 
cross near the roadside which came to be known,as. the, Cross 
of Hintz,. gradually the, present, French of 

~The. Village Croix. @ Hins,. which consists. ‘of not. mbre 
than. six, houses, . the. Midi Railway. station and. the. Hotel 
level, country in one ah the principal, supenting ‘producing, dis- 
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Fic. 5.—Vizw oF Tue Station at THE VILLAGE oF Croix 
p’HINS, FRANCE, SHOWING A FORTION OF UNE OF THE LOWERS At THE 
LAFAYETTE Rapio STATION. 


Fic. 6—View or Part oF THE WorKING CAMP ESTABLISHED AT THT 
LAFAYETTE Rapio StaTION WITH PorTABLE BUILDINGS AND MATERIAL 
SHIPPED FROM THE STATES. 
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The ; Midi, railway. mainline extends: from’ Paris, through 
Croixi\d’Hins to. Madrid;, Spain... . This, line, passes,-through 
Orleans, made, famous by Joan of Tours, 
down the.valley.of the Loire in the wonderful chateau district 
of France, Poitiers, Angouleme, Bordeaux and Biarritz, whose 
names no doubt will bring, back to the members of the Amer- 
ican, Expeditionary Forces many memories of France, Croix 
d’Hins is also connected. with: Bordeaux, by one.of the, main 
highways which was. called upon. extensively, in.motor trans- 
portation of material for the erection of the radio: station. © 

_ The, Lafayette Radio, Station. is. about, 25. miles from. the 
Atlantic. ocean and about 375 miles from, Paris., The extreme 
length of the radio station.is constructed on the arc-of ai great 
circle passing through the Annapolis. radio station. and is about 
400 miles north of, and at an approximate distance. of/,3,450 
miles, from, the Annapolis. station; about:,7,000--miles 
Buenos..Aires, and; more, than, 10,000. miles. from , Honolulu. 
There are.no hills in the immediate vicinity of.the radio)station, 
the. nearest, mountains. being ie approximately: 100 
miles to the, south, sch 

The.ground on pare the, Radio. Station,has.been 
was formerly. used as an aviation’ 
Bleriot,.,.the . manufacturer _of .aeroplanes; and. Jater..by~ the 
French military aviation service, When work wasifirst wnder> 
taken, to prepare this site by. the; United, States: Naval Detach- . 
ment, many small aeroplane, bombs, were discovered scattered 
about, the field, and it was; no unusual, occurrence: to hear, them 
exploding during, the. time, the,high, brush; was, being, burned 
off the field, In some instances the, engaged in, this 

Surrounding, the, station on, all of heavy. 
pine, while the fields in all directions are-covered:with:thick 
growth ; and in. summer. with the, beautiful, heather; that}isiso 
abundant in Southern France... The) ground is flatoand, low, 
and quite leyel,; the soil is sandy, of, a hard clayish formation; 
interspersed with iron-bearing .strata,, In dry,,.weather ithe 
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ground is. very hard! anid: sandy, ‘white ' during® the ‘torfehtial 
riins eticountered at all seasotis°of the year, the entire field is 
almost aiheavy mud flat’ To provide against’ undesitableeon- 
ditions) during the! raitiy ‘weather @levated boatd ‘walks ‘were 
constructed’ and ‘surface drainage ufidertaken to an endfmous 
extent ; ditches ‘arid ¢ross-ditches ‘were’ necessary ‘for’ proper 
drainage; which has‘also'been a a' problem due to the exceedingly 
high'water level, water beitig‘ obtaitied ‘under almost any’ con 
ditions at'a‘depth of not more'than four feet. 
‘Theiearth contaitis'a high “percentage of’ stilphur and ‘iroti 
beet a source® of trouble with the’ ‘water used’ for 
drinking ‘and culinary’ purposes. Iron'in the soil ‘appears: as 
lateral streaks or veins and’ vatious conjectures as to ‘the action 
of this’ ‘inthe! oF station ‘have ad- 
supply of good water was ‘at Bordeaux, 
and''due'to ‘the utter isolation of Croix @Hins, it ‘became 
cumbent ‘the! Naval authorities’ to ‘provide pure’ ‘drinking 
water if the-health of the men’ ‘eoristructing the station ‘was°to 
be maintained at a high standard. To accomplish this purpose 
several wells were driven to a ‘depth of thirty feet where an 
supply of water'was encountered. Storage’ for this 
water was obtained by erecting a ‘small water tower about thitty 
feet in height: ‘The water fourid was good, thotigh containing 
a amount! of hydrogen stilphite’ gas, ‘a’ great’ ‘deal 


of which was €liminated’ by permitting the water to standin 


a'second but smaller water ‘tower, where it was aerated before 
drinking. When’ this water ‘was’ first’ encountered, “difficulty 
arose’ because of the mixture of surface water with it which 
made it appear as though the water. was ‘dangerous for drink- 
ing purposes; AlP "this, however; ‘eliminated by 
re-arratiging the systém of piping. | org 
Before! commencing ‘the’ of the’ station, ‘it’ was 
found necessary to'builda ‘road from the’ village’ the 
railroad’ tracks and lito the reservation ‘for a’ distance 6f about 
a‘ mile.’ Many difficulties were encountered due’to the héavy 
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mud always present during’ the! rainy Season; finally: necessi- 
the'builditig of macadamized toads with solid founda- 
tion} this being required to support the heavy five-ton trucks 
and’! vehicles ‘which were’ wtilized*in transporting totaboof 
mote 'thatt fifteen’ ‘thousand tons’ of! material: material 
for this road was obtained from the eafest ‘availablé source 
which'was'at the quarries in the town Dax, about one‘hun- 
dred:'inilés ‘south “of the ‘station: '-Nevessary ‘railroad tracks 
were built around’ the towers with projecting spurs. and finally 
up’ with the’main litle of the Midi Railway.) 
The climatic’ conditions’ at’ Croix id’ Hins!arevof the most 
chaiigeable fiature:’ During the summer:and ‘fall of 1918) the 
weather was°so' extremely hot that work had to! be discon- 
tinuéd’ duting the’ middle’ of: each day! | In October, the rainy 
season begins. Heavy fogs were almost daily occurrences 
atid ‘by ‘reason ‘of this andthe poor visibility; combined 
slippery steel) a‘ condition was created -under'which the tower 
work! was ‘carried on’ with great difficulty?) >is 
ordinarily asstimed that snow is a stranger in this. section of 
France, some snow fell during the winter, but the ground:-was 
on ‘rare occasions: The: heat of the summer at 
times has been as much as one huridred and eight degrees with 
no air" stirring,’ and it may well! be compared with ‘those 
tremely’ hot summer days in the narrow streets of New! York 
betweéeti the tall’ buildings: when’ the ‘asphalt begins to: bubble 
atid! orie’s' shoes stick’ to: the pavement: Whenever: the: wind 
commences’ to blow, it-usually is’from~the direction of: the 
sea land! its’ velocity: sometimes increases: at: the top the 
towers to as much as'sixty miles 
“All mechanical and electrical material for inde 
made! in and received from the United States; approximately 
55 per cent from the port) of (New York=and ithe! remainder 
from the port of Philadelphia, on twenty-four different cargo 
and transport’ steamers ‘operated ‘by the United: States Navy. 
All shipments ‘passed through’ the War Zone’ without therloss 
Of atly thaterial) xtorD of betevileb 
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_A>total of eleven thousand. six hundred and, seventy-four 
tons was received from the United States. Structural material 
from French sources, amounting to three thousand five hun- 
dred: and. sixty tons -was also ‘purchased, bringing the. total 
tonnage of tmatetial for the to 
hundred and thirty-four. . 

‘The steel used, for’ the ¢ the. was 
sitet from the. Pittsburgh-Des Moines Steel Company of 
Pittsburgh, Pennsylvania, and was. fabricated before, ship- 
ment. The radio electrical equipment was obtained biiaad ihe 
Federal Telegraph: Co: of Palo Alto, California. 

Temporary buildings. for the housing of 
tration, atid:storehouses, were made in the United States and 
shipped in sections.: | They are. as, the: “Dixey 

All buildings of; were iid 
ae ‘by the French Government and include the Radio Power 
Hotise’ at the / westetn, end of the antenna, midway. between 
the ‘towers, the Administration Building, various storehouses, 
living quarters) for! the: French operating personnel, electrical 
transformer house, and a residence for the 
entrance close to 'the: Midi: Railroad. 

All permanent buildings are of 
red tile roofs, the natural color ‘ofthe concrete: being relieved 
on'some buildings by blue trimmings and on others-by red, To 
the southward, biit/ near the buildings intended for. the: per- 
sonnel, a large'concrete tower fifty feet high has been erected 
for the permanent: supply of drinking water and for fire. pro- 
tection. Water for :cooling the: are radio. transmitters is 
obtained: directly: by pumping ‘system installed. in a pump 
house:to the east-of the main radio building and. — gina 
a Spray fountainnear the pump house, 

Due tothe congested conditions’ of ‘the railtoads:4 in, Fr rance 
dri the war; a considerable quantity of-material from the 
French ‘ports of Pauillac; Bordeatsx, Bassens, St. Nazaire and 
Brest, was delivered to Croix d’Hins, by motor transport ; how- 
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ever, railway cars, whenever available, were obtained; artotal 
of fourteen hundred and five being required’ for this work.’ 

“In addition to the: crushed’ stone Obtained from! Dax;' tet 
roads tower base construction, was necessary to obtain 
coficreté from the of the Americati Expeditionary Forces 
at Souge, near Bordeaux, about’ 10’ tniles® from the: station. 
Practically all of this material was transported by American 
way: | 

comprising erty acres, 
is inclosed by a barbed wire fence ‘about ‘four feet high, the 
entrance being through a decorative gate supported ra nt 
of red brick faced with white stone trimmings? 

“The market facilities of Bordeaux, ordinarily not 
larly extensive; were, during the war, ‘strained to ’a breaking 
point and very little material of a suitable nature® could be 
obtained from’ this ‘source. Bordeaux’ has several: foundries 
where castings required for replacement” were obtained: at 
times, provided; in the event of the: ‘castings being ‘made ‘ofa 
composition metal, that the copper’ ‘and’ brass" ‘fequired could 
be fiitnished ‘by the Navy; fortunately the ‘station was ina 
position to furnish this and construction “continued ' without 
serious: interruption. “Tt was not anticipated’ that''a@ condition 


would arise where the manufacture of castings would'becore 


nécessaty but in some instances material’ was lost in trafisit and 
replacements ‘became of ‘serious where 
for the laundry, fot the bakery, 
the kitchen, machine shop, atid’ the’ various axiliaries: required 
for’a self-sustaining organization ‘having the population’ of a 
small Village, were’all shipped fromthe United /States’ and 
installed by Naval personnel ; all Bureatis'of the: Navy’ Depart- 
ment being called upon for the material) food, and amusement 
facilities necessary to’ coniplete the ‘cattip-arid enable the ‘Com- 
manding Officer to push’to a Successful conclusion this untsual 


‘ 4 
q 
i 
‘ 
4 
q 
i, 
. 
i 
q 
\ 
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United, States. Naval Camp, as-finally constructed, con- 
sisted of -six warehouses, .a, large mess-hall,,and  galley,, six 
barracks’ for enlisted,personnel and; one. for. officers; jalso three. 


_ barracks with-shower baths and-wash rooms, a. sick ,bay,.or 


hospital, laundry, recreation building,..butcher, ,.house,, tool 
house,, carpenter: and; plumbing ‘shop, canteen, Supply, Office, 
Administration, Building, round: house . for locomotiyes.,and 


ctanes, cold storage, garage, garage. repair, shop, gas and. oil 
_storehouses, brig and artesian well pump house; and in addi- 


tion two water tanks, and two septic tanks. The buildings were 


heated, with, ordinary, Staves, and Hghted, by., elec- 


Naval, personnel.,, All buildings ‘of the men’s barracks, were 


twenty. feet wide, one hundred,and five feet long, and.one story 


high; arranged for forty men to\occupy.a-building., Each,man 
was supplied, with a, steel, bed, obtained, from; the. United, States 
and was required to,look after his own. bed;.a form,of Naval 


_ routine, usually, carried out on board ship was) adapted’ to, the 


new circumstances, without difficulty. Of course this. includ- 
ed inspections. for, cleanliness,, the. aising: of; buildings to 

ingenious method, of a circulation of air, 
buildings. .at; night, was,the, construction: of , ventilating 


"ports underneath the stoves, used for heating ; and the windows | 


arranged, with. .side..screens permitting certain . ones. to. .be 
opened without exposing the sleeping men _to, injurious, drafts. 


Another, contrivance used to insure the of,.fvesh 


air was ventilators,located in the roof. . gett, ort 
. ‘The courtesy, of the officers’ mess was to the French 
militasy, and technical officers connected with, the. construction 


_ of the station; the dining, room tables were arranged in groups 


in, such, a way, that, where practicable, French) and, American 
officers occupied the.same tables, the. Commanding Officer; and 


his two principal, assistants having the French, senior 


officer as a guest at their table. 
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n- | ‘Phe Recreation, Hall. with a(seating capacity. of seven:hun- 


ix dred, Jocated.at the southern side. of the, camp, afforded space 
ee for all. the, facilities necessary. for the entertainment and amuse- 
or _ ment..of: the station. personnel, was lighted by electricity, and 
heated by two large.,coal,stoves; and. two. exceedingly: uwell 
ce, built and. well designed. open-fireplaces.) 

nd Through: the courtesy: of the Red Cross; Knights of Colum: 
and,.Young, Men’s. Christian. Association: it) was possible 
to fitthe building.up for theatricalsiiand movies; )-Billiard 
re tables were also:provided.as were.also'2;000 books, contributed 
by the American. Library Association and the-Red Cross, iqque, 


Although. this building .was. generally,.known as the)Recre- 
he > ation, Hall, on Sundays it was used for,a chapel, for divine 


services, arrangements for, which were:made by the Chaplain, 

ry who,,on gecasion,, invited Chaplains from-other organizations 
an to. conduct the. service.,..In the.absenceof a RomanCatholic 
es Chaplain, a. church, party. attended: services atthe: Catholic 
al Church.at Marcheprime, a smallhamlet/near the stations; 
he Torthose not initiated, a Chaplain’s duty. in the Navy, ashore 

d- afloat, is taken..up .with very, many. unusual activities, — 


to | _ perhaps, quite, out of keeping with of|'re- 
ligious activity... The, Chaplain;is the,‘ Morale: Officer” and 
zh under ‘the (Commanding, Officer. is-charged |with looking' after 
ag the. welfare and. contentment.of.the men; their religious: wel- 
fare,:as, well.as their, school, instruction, all.of which are: very 
be clearly.:defined, in the Navy. Regulations. On. this|.station he 

sh 


was instrumental in arranging entertainments, evehing smok- 
ers, selecting library books; distributing: them and exchanging 
them with other stations.,, Educational classes:undér hisicharge 
ch were formed and, academic studies:taken up by thoserdesiting 
on them. special class in was organized fot 
ps brs eno bellstemt esw toot & tots]. 
in ‘The absence proper ‘tacilities for, clothes:and: the 
id difficulty, experienced by, the personnel using the available water 
ry to do their own washing, with the conditions-existing through: 
out. France where open. air washing and drying! is resorted 
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toy"nade>it ‘incumbent apon°the Naval ‘Authorities to obtain 
laandty machinety:from the United’ States.’ This iadhinery 


when réceived was installed ‘in the laundry building’ which*con- 


ironing clothing’ belongitig to’ the’ personnel.’ 

A-small boiler for furnishing the ‘hot ‘water 
the steam’ for the drying room was installéd in ‘one end’ ofthe 
laundry, while in a stall root’ nearby, two motor ‘generators 
were/installedto furnish current for electrical ‘operation of 
certain ‘machinery.’ The’ entire’ plant’ was fully capable of 
supplying’ the needs of ‘seven hundred officers and without 
restriction, in addition the hospital linen all clothirig which 

was “turned in” on*Monday morning’ was delivered ‘on 
morning. °A small charge’was made for the purchase 
ofmecessary material and’ for the payment of the ‘laundry 
personnel; ‘after which any ‘profits were turned: over to°the 
Entertainment Fund ‘for the’ benefit of the men.» The’ laundry 
was in'chatge of a Chief’ Petty Officer’ ‘assigned 'to'that ‘ditty 
by ‘the Commatiding Officer; atid -his wore 


the majority of whom were women.) 


Hospitabconsisted of a building of standard 
feet long,'‘atothe extreme ¢asterly end’ of the’ ‘camp. This 
building vontaitied “Medical” Officer's office,” the Record 


Room; Litien Room; Sterilizing Room, 'Storeroom,’ Surgical 
‘Dressing Room, 'Dental: Office; Drug Room, Laboratory Room, 


addition’ to the bathroom ‘and ‘the ‘hospital! kitchen. 
‘This-was the only building in’ the camp’ heated ‘with’ steam’ heat, 
which was supplied" from’ a special’ plant attached ‘the hos- 
pital} this plant'also’ siipplied'hot' water for bathing facilities. 
‘Theimain' watd) contained thitty-five standard ‘Naval 
and tire coritaining orie bed 
Later a small room was installed at one side and at thé middle 


of the watd for the purpose of an X-Ray room. During 


the epidemic of ‘influenza in the winter’ of 1918) atid ‘1919, a 
Jarge tent: was “erected ‘outside ‘of the: hospital for ‘the excess 
patients whieh at ote time’ numbered as” matty twelve. 
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The’ station” was very® fortunate: in that» but’ 
occurred’ from’ this’ ‘disease? one! ‘was an “officer; the 
bodies Of these! men’ were ‘buried in? American 
Force Cemetery: No. 28;'Talence; Gironde, 

~"The' personnel was ‘kept singularly free’ frott 
during »the: epidemic ‘mentioned: 
Some’ difficulty was! experienced ‘with 'the water ‘supply’ when 
the ‘camp | was' ‘first established; but: after the«increase «inthe 
depth’ the artesian ‘wells and the’ chlorination of the water 
during the’ ‘Summer thonths; this ‘entirely ‘disappeared and! no 
further: tfotible was’ experienced. ‘Pending the ‘increase! in 
well dépth; all water’ was! ‘trucks: from: Bouscat 
neat’ Bordeaux!" WOR 25 aewal 
sewage ofthe’ and bath 
rooms, galley, tress ‘halls, barber ‘shop, sick bay” and officer's’ 
quarters, Was ‘carried through tile soil pipes above’ the ground 
to the-iain drainage’ ditch of the station; ‘The sewage from 
certain buildings ‘collected’ in ‘a ‘septic tank where it ‘was re- 


taitied for ‘not’ less’ ‘seventy-two’ hours before ‘it overs 
flowed and joined’ the sewage from ‘the galley and ‘tess halls; 
with’ which it: flowed through soil! pipe’ which 
carried it'a distance of 50 yards into ‘the adjoining woods arid 
emptied ‘into: ‘the’ main ditch draining the reservation) 959 


plan, of, the: proposed, concrete, tower. "foundations, ased 
on, the American, standard, design, consisting of the ordinary 
mass concrete type foundation. on, piling, he, been forwarded 
oFrange, from the, United States, but, the French, adopted 
different type and one that had not, been previo 
The; French. design, of, the. foundations. galls, for a circu ular 
dise of «strongly, reinforced. 40 feet 
in diameter, and sixteen inches, thick, supported by. 2 8 pre-cast 


square concrete piles,. 35, ed “by, tral 
29 
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 pedestal.12 feet high by 8/2.feet in diameter. The steel shoes 
for the, tower: columns..rest.on. specially. designed , footings,.in 
recesses {in the tops-of these pedestals, which, are. braced to) the 
bottom disc by radial reinforced) concrete buttresses) 
tops of the foundations) on which the towers rest are, 13 feet 
above: the surface of the:ground. ‘The, artistic appearance,.of 
the’ completed; foundations ,is said, to, form, a rather, striking 
contrast, tothe seyere design. of the towers resting upon, them, 
The steel towers, are triangular in plan,.820, feet high, 220 
feet: center, to,center of; columns at/bases,.105, feet, center, to 
center. of, columns, 215.-feet above, bases, and, 9 feet 842, inches 
center to center of, columns, at the tops...A,mast braced,in each 
tower extends 18 feet above the tower tops, providing an;actual 
height of 850 feet; from: the ground to the tops of masts..,./The 
highest, self-supporting, radio, towers) .for . antenna, supports 
previously: erected at;jany radio station, in, the. world did. not 
exceed, 600 feet;’jtowers; of this height having been erected at 
the high :power, stations‘ of,-the United, States, Naval ,trans- 
pacific power circuit, atthe. Darien station, in the Canal 
Zone, atthe Hl. (Gayey.station :i in. Porto -Rico., and at, the. An- 
napolis.station. ‘The: eight towers, are, (arranged ;in|two, rows 
of; four each, the tows, being ‘spaced 1,320 feet, and the towers 
in each rew; dikewise, being, ‘spaced, )1,320.,,feet apart, 
provides for a total antenna area over the earth surface of 
5,227,200-square feet, this:antenna area: dar:exceeding that of 
other existing. radio station, 
weight Uf ‘cach tower’ i estimated at'550 tons, ‘and thei 
re to’ withstand’ a‘ horizontal the 
due to ‘the! antetina Which Support! topgethiet ‘with 
the stresses caused ‘by Wind Blowifig Of the ahtenna ‘wired and 
supporting t triaties and ice formations in Awititer: Te Said , 
that the gr eat height Of these’ towefs cahniot be realized bY one 
observing mat’ the station; the itnpression ‘being that they 
re not higt towels the Naval stations in 
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thrée: men) were killed: during: the construc- 
of the towers;two Americans by falling fromgreat heights 
othe» who was crushed :by a 
locomotive | used! in! connection: with tower construction ‘work: 
Workion thé towers commenced about o'clock inthe morning 
and continued steadily until as late-as 9:30 in the evening, ex- 


_ ¢ept-when extremely: hot'weathér prevailed; during which times 


work ‘had middle! of the'day.. ‘Phe 
first tower; was completed ‘on! Septemiber215, 1929, 'the others 
Paint to the extent of 5,000 oillne was necessary: sehen 
protection of the; steel} two coats of what is known ds Superior 


Graphite Paint being applied were 


doidw. bare | ent sos 
bastedtiw ef hoty ANTENNA S¥STEM. to tog 
The: effective electro-magnetic’ energy’ contained: in’ ether 
waves at ‘points ‘distant’ from a ‘transmitting station 
pendent» on height» the" above the 
earth at the transmitting station, the conductivity of the ‘earth 
under ithe! antetina arid in the immediate vicinity and the:value 
of the electrical oscillatory current: in’ -ampétes! which! the - 
antenna dartying: without: brushing”! or 
corona formations, and) the value! ofthe current»in' amperes 
The :desirabilidy df ptoviding large -antennas ‘and ‘sup- 
porting these Jargé ‘antennas at) transmitting’ stations,’ forlong 
distance work, the greatest practicable height above the earth’s 
surface 6f themost powerful  radio:trans- 
mitters:tol ‘deliver. the greatest possible ‘current value? 
antenny system} is)therefore’evident, toque orl! 
to 'which:the electric current is delivered 


 bysthenradio transmitter: must bey effectively! insulated 
insértirig material) which-with hot conduct 


dlectricity,:betweett the antennatwibes: and the! toyvers, thereby 
providing forithe radiation iat the eledttieal energy fromthe 
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antenna in the surrounding medium: and preventing the flow 
of current directly to:the:earth: through theisteel:towets.' The 
best grades,of porcelain or glass have-been found to be the only 
available material for practical, radio use which will withstand 
the high to which radio antennas 
The: voltages: te which, the- subjected 
averages around 115,000 volts.: ‘The greater the value:of cur~ 
rent in ampéres'to be delivered to an:antenna, the greater the 
size and number of: copper 'wires which must be: used: to carry 
the current with the consequent increase in weight: and wind 
Praetical. considerations therefore with. respect ito the*hori- 
zontal; pull .antenna, supports: of great: height be con- 
structed to withstand, mechanical and electrical stresses which 
porcelain or glass insulators can be manufactured to withstand, 
andthe: extent: of the-initial: cost and: later maintenance of 
‘antenna: supports and antenna systems, limit ‘toa very large 
extent) the effective: transmitting: ranges of, high :power ‘radio 
appears probable that this practical limit:has aboit ‘been 
- reached atthe Lafayette stations, ody Yo 
steel, cable. are. suspended: fromthe: tops: ofthe: towers :and, 
stretch across the aisle between; the four! pairs of:towers:!|:‘The 
triatics:are insulated-from the towers by doublé:porcelain' tod 
insulators Anserted. between ;the towers: and»the ‘ends of! the 
(These: four triatics :support: aloft 20: ‘longitudinal copper 
cables; consisting, of. 7 strands No.:12, wire,: thé cables being 
spaced along the supporting»triatics about feet: apart, each: 
cable being: greater than: one-half) mile in length. The, éndi- 
vidual cables in the flat top’’! of the antenna lead in fan:shape 
i formation downward, being brought close together about:200 
feet: below: the flat: top: andi from: this point» they:\are i spaced: 
about:a: footapart: with» metal spreaders until! they reach the, 
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Fic. 8.—View oF THE Dous.e PorceLain Rop INsutators Usep to INn- 
SULATE THE STEEL TRIATICS FROM THE TOWERS AT THE LAFAYETTE RADIO 
Station. THE SINGLE Rop INsuLATtoR SHOWN IN THE Picrure Arr 
Tuosk Usep at THE ANNAPOLIS StTaTION. NOTWITHSTANDING THE 
of THESE INSULATORS, THOSE WHICH ARE ATTACHED TO THE TRIATICS 
AT THE RaApio Station Are Harpy VISIBLE FROM THE 
Grounp Due to THE — HEIGHT OF THE TOWERS. 
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LAFAYETTE RADIO STATION. 419 
radio building where they are bunched together and brought 
into the radio ‘building through 'a heavy plate glass: insulator 
and thence:to the copper or positive electrode’ of the are trans- 
mitter.:The dead weight of the antenna system supported 
high soe the earth from the 820-foot towers is about 3% 
tons. 

in connection with the insulation 
of the Lafayette antenna because of the extremely high me- 
chanical loads which the triatics are required to carry, together 
with the high voltage current applied to the antenna, but by - 
co-operation with leading engineers in the United States a 
special. porcelain tubular insulator was eventually developed 
having a-length of 10. feet with a mechanical ultimate strength 
of over 10 tons and an electrical flash-over voltage when dry — 
of about 190,000 volts.at a frequency. of 50,000 cycles. . 3 

These insulators serve the double purpose of successfully ee 
withstanding the normal mechanical and electrical strains im- 
posed, and acting as safety links to prevent overstressing the 
_ towers should excessive weight be added to the. antenna, by 
the formation of ice on the wires and supporting, triatics, or 
~—— strain from high winds blowing ‘on the wires, since — 

the . insulators . will fail before. the. tower breaking point is 
reached causing the antenna to fall.to the ground and thereby — 
preventing overloading and possible collapse of the, towers... 

While the collapse of the antenna would be a serious tem- 


porary handicap, as it would render the station: inoperative 


‘until it could be rebuilt and again hoisted into place, such an _ 
occurrence would, of course, be incomparably less setious than 
would the collapse of one or mote of the 820-foot towers. | 
The: maximum sag of the antenna wires with their Support- 
ing triati¢s is about 182 feet. The electrical effective antenna 
height as measured was found to be 564 feet. Since the towers 
including their foundations and: masts provide an actual height 
of 850 feet above the ground and as the antenna sag does not — 
exceed 182 feet, it would appear that the effective electrical 
height « of the antenna would be not Tess’ than feet which 
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corresponds to the ‘actual height of :the slowest (part. ‘off the 


-  amtennai above thei surrounding. ground siirface./(At all radio 


transmitting: stations, however, the effective, electrical sheight 
is reduced by the influence of the antenna supports!on the in- 
tense: electro-magnetic .field surrounding the antenna.. | dn! the 
case of the Lafayette station, therefore, the electrical. effective 
antetina height 'is:unavoidably reduced, due: to 


THE GROUND, SYSTEM, doit 


the of the’ carbon or’ ‘ettrode of 
are’ transmitter connections are made’ by'' copper ‘strips’ ‘to 
the "ground System’ which’ ‘consists. of 94 copper ‘plates’ each 
about’ yard’ squate, ‘butied’'S feet ‘below’ thé’ power’ house 
floor. ‘These are’ commected’at ‘their diiter edges’ by '40' copper 
strips’8 itches by 1/16 inch’ to bus! ting’“oF 8'No. ‘wires 
whose ‘center 'is’a point the’ are’ ‘tootti ‘midway: between the 
two" arcs and whose ‘radius is 108’ feet: “This! grourid system 
further: supplemented tow: ‘of 80 copper tubes or ‘wells, - 
65 feet deep aiid’ 8-5/32' inches ‘diameter; eqitally' spaced a 
circle: whose Center is the same as ‘above’ ‘and ‘whose ‘radius’ is 
Feet.” These’ tubes are‘connected Sit paits’ to ‘the! 40" strips 
méntioned® above ‘and’ further “ala 
feréiive by’ No, 12 wires. 


“he electric power supply. for the Lafayette Radio ‘Station 
is obtained from. a. combined water and steam plant situated < at 
Tuiliere in the upper regions ‘of the, Dordogne | River, 60 miles 
from Bordeaux, and from a steam auxiliary plant, ‘built during 
the war, at Floirac, about two miles beyond Bordeaux. oe 

Tuiliere plant has. a capacity of, about 25 kilowatts 
and operates by. water. -when the river is high enough and by 
e steam and water when the water supply i is not suffics nt. The 
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of ‘baté' ‘wire! specially ‘constructed for ‘this station arid 
extends frém' Tuiliere Bordeaux} crossing! the?river twice 
above Bardeaux' and ‘oriée ‘ear the city opposite’ Floirac. “The 
poles? for this high’ power of light steel ‘build’ with’ a 
lattice work mast effect. In case of complete failure of 'the 
‘Tuilieré plant, ' power may'be obtained from 
~The original power was transmitted tothe station by 
visional ‘line constructed ‘the’ station’ force; at the very 
ginningo of ithe’ work.)'The American’ ‘authorities "had been 
assured ‘that’ power would be ‘available, ‘but’ such was'not! 
case; and the principal electrie company in the vicinity informed 
the’ ‘Commanding Officer ‘that it would not sean for them 
to buitdca tine’as ‘they availabler 
immediate’ construction 18,000-volt litle thet com- 
menced by the Naval Authorities. ./This ‘ite’ entered ‘atithe © 
easterir end’ of ‘the station! and carried’ on wooden ‘poles 
for' distance’ of! eleven miles; where it was connected tothe 
nedfest high powerline at the smalt town of Alouetteso‘The 
wirelant insulatots:were purchased by the! Navy ‘from’ the. 
United States. Army and the green wooden polés‘frottilocal 
farmers. ‘Actual cotistriction ofthe line commenced July 4, 
‘1918;'and the enire work’ was‘completed in 
six’ weeks? was not, however; until October! of 1918' that 
this! connected td? the teniporary’ power! house -con- 
taining 260-kilowatt: generators ‘used inthe erection ‘of 
‘the ‘radio towers!) Inthe interval; ‘between’ the completion of 
thi line ‘and the month of! October, the current used: for 


«The transmitting ¢ equipment. installed i in the Pett station 
consists of two,1,000-kilowatt arc radio 1 
in duplicate throughout. 
Duplicate. transmitters were ‘Provided, to guard, against. pos 
“sible interruption to the service due to possible failure of one 
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_ ‘With duplicate transmitting units installed, repairs can be made 

to one while'the other is in, operation, thereby insuring, continu- 
ous: service in, so as the; themselves, are. con- 
cerned... 

of arc converter, originally produced, in, Denmark, -but. later 
developed and: perfected in: the United States, and are based 
on.a method of obtaining radio frequency current oscillations 
by means-of an-electric arc burning in.an 
an atmosphere containing-hydrogen. 
oRadio transmitters of, similar but. ‘of! 
are installed in all of ‘the medium and high-power shore radio 
stations of the Naval Servier and on ithe 
eapital ships of the Navy. 
The. essential. items of. the are: 
comprise airtight chamber of: bronze, a “ positive’! electrode 
of copper, a “‘ negative” electrode: of: carbon, two ¢leetro-mag- 

» The of she: are. is, that, the 
and negative, electrodes extend from the outside into 
the arc chamber, the positive electrode being insulated, by, suit- 
able surreunding material,.from) the bronze chamber. and. the 
‘end: or-tip, being ‘held. in a. fixed: position, within the chamber, 
the carbon: electrode: being ‘held: in place! within the chamber 
by a,bronze holder or-sheath which makes, direct contact with 
the bronze chamber. The carbon electrode can, be} adjusted 
with respect to. its length outside the chamber to enable the 
striking or forming’ of the electric arc: within ‘the chamber, 
and for the proper adjustment of the length of the are _by 
slowly i increasing ‘the’ distance between ‘the two tips 
‘untif thé most advantageous length of ‘the electric arc has 
obtained for. efficient operation. The ‘carbon electrode is “also 
with 4 to enable. the’ Stow 1 rota-~ 
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transmitter remaining. in, condition.to, function .continuously. 
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Fic. 12.—View SHowinc Wave CHANGER PANEL, Part of ANTENNA 

Loapinc Com, AND Part or SIGNALING SysteM. THE NUMBER OF 

- Turns oF THE Loapinc Com, UsEp IN THE ANTENNA Circuit DErTER- 
MINES THE Wave LENGTH EMITTED BY THE ANTENNA. 


Fic. 13—OnNeE or THE 1,000 K. W. Arc TRANSMITTERS. 
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Fic. 14—View or Temporary ReEceEIvVING ANTENNA AND RECEIVING 
Station Erecrep AT THE LAFAYETTE Rapio Station To RECEIVE THE RE- 
SULTS OF TESTS FROM THE ANNAPOLIS STATION. Note THE STRIKING D1r- 
FERENCE BETWEEN A RECEIVING STATION AND A TRANSMITTING STATION. 
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tion the carbon tip, while; the. are is burning, by, meansiof a 
small, electric .motor., mounted, outside of, the, arc, chamber, 
The carbon. electrode. is. rotated,.while the.arc’ is burning in 
order.to, insure a smooth.surface on. the carbon tipand,toipre- 
vent pitting or rapid burning, away of parts, of the,tip, which 
would, otherwise occur, thereby causing, the become 
unstable and resulting in poor operation, as the best separation — 
of the electrodes,.to obtain, maximum, power. from the, arc is 
very. critical., With the carbon: electrode tip within, the’arc 
chamber constantly rotating while the’ arc, is. functioning,.the 
burning, away is, slow and gradual all over the surface of; the 
tip, and electrical instruments mounted nearby indicate, when 
the tip has burned away. sufficiently to warrant, the operator 
making further adjustments which.can.readily be.accomplished 
with the adjusting. apparatus, available and without, stopping 
+The. two. electro-magnet pole tips sin, from. the jout- 
sideinto the arc chamber and are so-placed:within the chamber. 
with: respect to the positive and, negative electrodes as to, pro- 
_ duce a strong transverse magnetic field-or, force, between; the 
are, electrodes. within, the chamber which, tends to, extinguish 
the are... As an electric arc cannot be sustained within aistrong 
magnetic-field or force the result-is that the arc flame expands 
‘upward the electrode: tips avoiding, the strong: magnetic 
force and .causing/a curvature in. the are flame and consequently 
amare of greater length than 
between, the electrodes... 59/5 ad} lo 
‘The, magnetic pole. tips within the.are energized 
__ by winding, insulated copper wire or strips around.the iron, to 
which’ the, tips are attached, outside of the arcichamber:and 
causing electric, current to through these windings... 
introduced. into, the; chamber. by 
the decomposition, of alcohol-or kerosene which. iis fed. into. the 
chamber, drop by drop, by suitable gravity feed, mechanism 
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[Blettric' cutrent ‘produced ‘bythe ditect’ current radio gen- 
érators flows through metallic coritiections from the generator 
windings to: the’ copper ‘or ‘positive ‘electrode’ terminal outside 
of the! are 'chaimber; throtigh the copper tip within chamber, 
thence ‘across the gap ‘to ‘the’ catbori ‘tip, back’ through’ ‘the 
fégative electrode’ and’ metallic’ cotinections to ‘the generator 
windings; thereby’ comfpletitig the genérator! power ‘cirenit and 
producing an electric are within the ‘ate 
The! wires of the°antenna ate dlso conrieeted to ‘the’ positive 
electrode outside’ of the arc chamber and other wires 
which ran tothe earth are cornected'to the-negative electrode 
About BO per cent’ of the electric power of the direct current 
flow’ fromthe direct current’ generators throtigh the arcis-com- 
verted into dlternating ‘high frequency iradio! oscillatory ‘cur- 
rents in the antenna circuit. This high current 
‘back and forth between! the wintennaand the earth 
the ‘are, the°effects: of which °sets lip power ful ether 
‘waves! it? the ‘which ‘travel ‘away’ td’ all 
{poirits°of the compass)!!! ghotie 
‘-iQwing to the itttenke heat generated by the electric ‘are 
ing within ‘the airtight chamber; itis necessary carry 
sufficient? excess heat t6' prevent melting of the 'nietals, there- 
forerchannels ‘for’ forced water circulation ate ‘provided “atid 
‘Cireelating water forced through the walls Of the’ chaniber, 
through ‘the copper of ‘positive electrode; through’ the brorize 
sheath of the carbon or negative electrodé!atidthrotigh ‘the iton 
magrietie ‘pole tips:''> A’ large ‘eireulating watetscouling ‘pond 
having capacity of! 40,000 ‘gallotis! was constricted neat the | 
operating building from ‘whith cool! water’is forced! throdgh 
the equiptrent pe ‘driven ‘puitips; the hot water dis- 
‘charged’ from’ ‘the’ equipmerit 'beit conserved ‘atid feturned 
‘td the! pond through ‘suitable’ spraying! devices 'to assist in ‘the 
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maxiinuns }conttact: requirements df 
called) for) the *deliverey of of 550 ampéres 
current into a suitable antenna systemi/ without corona or’brush 
discharges» occurring: Six hundred: and tem iampéres were 
obtained»without' difficulty. during ;the official’ tests:and without 
evidences! of ‘corona’ or brushodischarges: 
THE) OFFICIAL TESTS! THE (LAFAYETTE ‘STATION: AND: ITS 

INAUGURATION IN THE RADIO/SERVICE OF THE WORLD) 


though, of ‘ormul in ‘radi io technique is 


€ basic. } DET STP via 
SATS fect th 


greater, the. height antennas Sus- 
ndec ea sur. ace at tran mittiny “station. and 
ended above the eart trans gS an 


the greater the valiie in delivered to, ithe an, 


tenna circuit, causing corona or * brush” discharges, 


re be th energy, “sontained in ‘the’ ether. wave 
m ed ed by the t transmittin ‘station, and therefore “the | greater 
the ou iness of the signals picked up at “at distant 

stations, the results t to be, obtaine 
from a. radio stati ion cannot accurate ly, predetermined unti ntil 
i bli lished and tested actual ‘operation. 


the n has s been es 


transmitting (ane Fadi 10. receiving) 


exactly, th e,same general ch racteristies and si uated in the 


same genet; give, the same, results, ‘but, on the 
often wid el y,var results, certain transmitting 


TT 


and receiving. sations sit jin ‘the same gen eral if ocalities 
heing. able t to. receive over mu h greater 


istan oth and WwW identi: 


rom the 


an 
greatly in "different ajities 


¢ radio stations. 


of, sta tion ‘tests, wet 
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and operation of a large, number Of tadio stations if 
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the expenditure of funds involved: in the: establishment ‘of! the 
Station and the circumstances: which its: 
No radio: station of nearly: ‘enormous power» shad 
viously been established or planned, the mechanical and radio 
electrical problems, involved were ‘of »great: magnitude and the 
correctness of the design of the equipment including the an- 
tenna ‘system ‘could not be: a established until the: station 
Moreover the project had ‘thos been a subject of discussion 
by the radio communication interests of the world and failure 
of the station to meet expectations ‘would have resulted other 
than advantageously to the prestige ¢ of the ‘United States and 
‘particularly to the Navy. 
ti is, of course, a matter of satisfaction to the civilian en- 


of the Naval Communication Service in generdl that the m4 | 
tion not ‘only proved successful for reliable transatlantic com 
munication | but that it ‘was demonstrated, in’so far as usaitiig 
tadio. receiving stations ‘were available for observation, that 
the station was. able to transmit signals « of ‘sufficient int en 
to. be heard all over the world. 

“After the structural work: “all ‘teil ‘completed, ‘the 
antenna hoisted” in place, and” ‘the: preliminary electrical ad- 
justments and” measurements made’ at the station, a 80-day 
‘schedule of tests was arranged i in ‘the 1 Department, designating 
the daily time periods for ‘transmission byt the Lafayette station, 
also on which one of the 5 available wave Jengths t the signals 
for each test would be transmitted and ‘the radio. receiving 
stations to observe and report on'the signals,” 

The | receiving stations gwen to observe ‘the ‘tests were 
located | at widely different points in the chain of radio stations 
of the ‘Naval Communication Service, the stations selected be- 
ing. Cavite, Philippine. Islands; Agana, Guam; Tutuila, 
Samoa ; Pearl Harbor, Hawaiian Islands; Cordova, ‘Alaska ; 
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Maine, andthe Navat Radio:Laboratory, Bureau of Standards, 
Washington, D. French :radio  servicesinstructed ‘their 


"stations at Saigon,' Indo’ China, and at’ other’ distant points to 


‘Ordinarily the “call” letters assigned to, a: tadio! station are 
used for testing the station, the:callletters beifig repeated over 
and over again during the'test intervals, as for example’ when 
the Annapolis; tests were being: conducted the’ call letters 
“ NSS” as\assigned 

In the case of the Lafayette station, however, the ‘French 
call letters: LY’ had been assigned ‘as ' the’ interriational! call 
letters of the station and! it) would not be feasible:therefore' to 
use radio: call letters assigned the United States; thereford 
the name assigned 'to the station was ‘used’ as the test ‘signals 
instead of eithtr the French official ‘call:letters or combina- 
tion of Jetters: assigned use. 
stations. 

-Lafayette’s! signals were’ at: 
the: Naval: Radio Laboratory, Bureau’ of Standards, observing 
stations during/all of the tests; the strength of the ‘signals being 
reported as’ being from five to-eight‘times greater than signals 
from the ‘next: most ‘powerful distant station, namely ,:the ‘Ger- 
man station‘at’ Nauen;-which‘station'had been greatly enlarged 


Lafayette’s signals were also copied without difficulty: at 


Cavite, Sam Bran¢isco and: Darien: ‘during “most ofthe tésts, 


and were audible: ‘although’ not»always' ‘readable’ at’ Agana; 
Peart: Harbor, ‘Tutuila’ and} Cordova, die to the fact: that suit- 
able receiving equipment to receive the.long wave sats bai 
Lafayette was not‘availableat; these distant 


Reports by the observing ‘stations were forwarded: 


Department: ‘by radio: following each test;' these reports ‘being 
condensed and: forwarded by: the! Lafayette’ station 
through ‘the: medium of the Annapolis station) As! a ‘conse 
quence theengineers at the: La fayette: stdtion | were apprised:of 
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the results obtained: lat, distant :stations| a: few minutes after 
each test had been completed and this information enabled:them 
to judge)of the effectiveness.or, otherwise of any modifications 
or changes made in the equipment or the: antenna) circuit for 
each iiss: Iisa‘ edt 


totah.of; 126, tests) were during 20-day period, 


these test;:intervals ranging from fifteén minutes: to five hours’ 
continuotis, transmitting; thereby: affording») opportunities sto 
thoroughly test the)equipment well as \to:carefully. Observe 
the:strength of signals atidistant: ofl) 
results.of; the: tests not ionly: dernonstrated the fact! that 
reliable. communication: can ‘be: had) between) France \and:the 

United States:by radio during all,seasons of: the! yearjand:at 
all:hours-of the day.and night: in any» volume. of traffic within 
the capacity of the :station \but also-demionstratéd ‘the fact: that 
Lafayette’s signals be heard: at suitably: equipped radio 
receiving stations all over the world. anoint: 
tests: beitig ;completed: ‘on: September 20,- 1920, and..the 
station: pronounced satisfactory) final adjustments were: made 
to, the- equipment; for service,:‘the French operating 
continigent;|; which; had beens assigned station at: the 
beginning ofithe:tests; given! final, instructions» in -the :care 
and operation,of the apparatus.and the, station’ was: informally 
turned over to the:Frerich operation:as of November 15; 
Decémber 18; the station. was formally; tirned over to - 
France. with, appropriate: ceremonies, the | French: Government 
being represented: by Deschatnps, :Assistatit. Secretarysof 
Posts -and,:-Telegraphs, »;whoi»unveileds:the: ;commemorative 
bronze plaqueiwhich: had) beer) putoin« position over the main 
entrancé) to: the: radio, operating building; 
-design sof: the-.commemorative: plaque embodies stwo 
pariels- surmotintéd a) cothbination»of:the coat of anmbrof 
France and the:United iStates:;/ The following inscription: is 
engraved onthe panels in sboth! 
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LARANETTE, RADIO: STATION. 3 
—— ons mt 
_ Conceived for the purpose. 0 of insuring adequate 
and uninterru transatlantic communication 
Facilities American Expeditionary Forces 
engaged in the World War-and the Government 
the United States of America. 


Isiomto oft 1931s isd? ottesh | 

vsti) Enected by: the United: States Navy-in:conjuriction 


The following congratulatory, ,radiogram. from; the Secre- 


tary, of the Navy, was,sent through the Annapolis radia, station 
to the Lafayette on December 18th: bab 


Wasnineton, D. C., Dec. 18, 1920. 
Minister ‘of Marine; Minister of War and’. 


Cordial, felicitations are extended the Republic of France 
through, the: medium of, the lis Radio, Station on, the, 
occasion of the inauguration the. ‘Lafayette, Super, High: 
Fower, Radio It, conviction, that, 
result of the mutual co-operation and endeavors of the Feprer, 
sentatives; of the French, and American peoples, engaged. in 
the work, incidental to.the establishment of the great Lafayette 
Radio Station.a notable advance. has been made in,the. scientific 
progress of the world enduring benefit to 


ntrol ta an witned: Josepnus DanigLs, 


Secretary of the Navy.” 
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‘Shortly afterwards “the! Gdlléwing | radiogram from the 
Lafayette station ‘was received “by 'the tadio receiving station 


FRANCE, 


To the Secretary of the American ‘Navy. ot nb bogsens 
Washington, D.C. to esisie 


I desire that the first message sent after the official inaugur- 
ation of ‘the Lafayette: Radio: Station: bea :cordial-greeting to 
the Republic of the: United States of America: Im thename of 
the French Government, I/send many,thanks to the American 
Navy for the great part which) it played. inthe construction 
of the most powerful radio station in the world. This collab- 
oration ‘maintained ‘during ‘the ‘period ‘of ‘peace’ strengthens 
still’ further. ‘the’ ‘undlterable: friendship borri® of’ ¢orimon 
struggles and, victories’ | sttoyst at onl} 

Asst, Secretary, of Posts and, Telegraphs.’:: | / 
the formal transfer. of the. station, to. France, the. last 
of the American contingent, was, withdrawn.and, the, station 
‘was inaugurated by the French in the international. radio — 
setVice Of the World’ and’ it’is in’ daily! operation trans- 
mlitting communitations arid’ ptess thatter ’the United! States 
Othe® ‘distant countries! ofl} to 
© "Theltotal’ cost ‘of the’ station’ approxitiated million 
ite practical tility, the Lafayette’ 
stands’ 4s a tiontiment Fratice’ to the United’ States "Navy 
arid it iy a fitting to the ‘Nava? Conménieation Serv 
ide in fs efforts to safeguard the welfare Of our forces engaged 


silt Yo 


in the Navy Department: 
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NOTES: THE: WIRING CIRCUITS. FOR; MAIN, 


diqinia Assistant Professor of Electrical Engineering, 10 
bseolo <i rlotive ot T 2: 


Before taking’ up the acttial consideration of the’ propulsion 
witing atid ¢iréuits of the U:S.S. New Mexico; it'is advisable 
first’ to’ consider’ the’ ‘entire ‘installation’ its “control, ‘in’ 
general way!’ yo s orld nin 

drive the New Mexico”at’ 21 167 
ater 28;500 ‘horsepower; atid cruising’ at 15’ knots requires 116 
rpim!'and 9,500 horsepower: Tt will that ‘these two 
iniportanit Speeds “are ‘nearly in a ratio of arid ‘that the 
power ‘at 15" knots thant half’ that Heeded at’ 

supply’ the alternating” ‘current power ‘for the motors, 
more alternating Ctirrent generators had tobe provided 
anid ‘evidently together they would have capable’ of supply-’ 
itig, ‘at least, somewhat over’28,500 ho wer to”allow ‘for 
the efficiency ‘of the ‘thotors.” Since‘ at cruising’! spéeils 
9,500 horsepower are’ ‘nedessary, the téasoris for installing two 
generators, ‘éach capable’ of ‘developing 11, 500° kilowatts, ‘or 
abotit'16,000 horsepower; ‘ate eviderit: 
one geriérator’ need thus’ be operated; leaving the ‘other for a 
Incidentally it ‘should also be'noted that a ‘fully load- 
ed’ géenétator is more’ ‘éfficient’ thati’ two Tightly” loaded ones: 

_ Also'thre® or imiore Would have’ complicated 
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PROPULSION’ WIRING CIRCUTTS/''U. NEW MEXICO! 


We have, then, that for ordinary cruising speed, one gen- - 
erator supplies four motors, while above that speed, two are 
needed. The generators, when both are operated, are, how- 
ever, Hot Tun lin “parallel; ‘but each supplies the two motors'on 
the same side of ‘the ship independently of the others; that is, 
the starboard generator, runs the two. Kier motors and 
the port generator the two port motors, there being no electrical 
connection between two diagram A,'a simple 
single line sketch of the entire plant\is shown. When only one 
generator is operating, the Bus Tie switch is closed and the 
Disconnecting switch of the other generator is open. If both 
generators are supplying power, the, Bus, Tie switch open, 

a, characteristic of. induction motors, that, they, operate 
within jone,,or two,.per,, cent) of some, fixed; multiple, or, sub- 
multiple of the speed of the alternating-current generator, driv~, 
ing them, If;a,2-pole, alternator, running at, 1,800, r-p-m., 
driyes.a;24-pole, induction, motor, the. latter, when loaded, will. 
run.one,or two per,cent slower than one;twelith the alternator, 
speed,.or about 148 r.p.m...A 36-pole, induction, motor, rune 
ning, from the same alternator, would. make a \little Jess. than, 
one-eighteenth of 1,800 r.p.m., or about 99 turns. If, driven 
from.an S-pole, alternator making, 900, .r.pan.,. a 4-poleinduc- 
tion; would run at, about 1,780, r.p.m.,, or nearly twice, 
the speed, etc. . It is, the ratio of alternator, to. motor, poles. that 
decides, the motor, speed, Further, if the alternator. speed is: 
varied, the, speed. of the. motors will change; in; the same;ratio. 
The New Merico’ s.alternators are. bispolaty 008.0 

An order, then, to change, the speed. of. the motors,-it.is 
necessary, to.adjust, the speed: of, the. generators.) 
knots the; motor windings, are. arranged so, as, to develop 36, 
poles, and to. obtain, motor speeds, from: 38 to, 116..r.p.my, the 
generator, speeds, are varied. from, about.700 to 2,100, r,p.m., 

For speeds above 15 knot the motor windings are, rearranged, 
by means of the “ Pole Changing”, switches, to, give, 24 poles, 
and to obtain motor speeds from 116.to 170 r. ee .m., it ig neces. 
sary to run the generators from ‘about 1/400 about 2100 


OF 


\ 
~ 
i 
} 
. 
; 


= 


PROPULSION WIRING CIRCUITS} 'U. NEW MEXICO: 433 


Phe :adjustment: of the generator performed: 
by the operator at'the switchboard'\in the center engine room, 
through a mechanism acting ‘on the governor*of the! generator: 
Ady alternating-current» generator must ‘be: supplied with 
direct current for its fields, inorder that it may generate volt») 
age and thus deliver-current'and power. The:voltage: gener- 
ated by ‘the generator is) nearly- proportfonal to the value-of: 
its field: current. If its'field current is:zero;:the génetator! is 
1 is-usually done! on:shore, direct current: forthe generator 
furnished by turbine-driveni,' direet-eurrent generators; 
called) “cexciters,” onefor2eact main generator, capable: 
of delivering 800 kilowatts wires 
> As! the speed of. the! generator and: hence “of the motors is: 
varied; it becomes necessary to vary the voltage impressed on’ 
the» motors; ‘in order that they and ‘ata’ 
good power factor) yet do: not: fall‘ step.) Also when; 
starting? up or reversing: the motors; it-is hecessary:to: momen~ 
_ tarily impress on them a voltage ‘considerably above the value” 
requited for continuous ‘operation, vari- 
ations: voltages ‘requires variations of field: current;'and some! 
method: ‘of control 'is ‘evidently requiredi:( This “is ‘ordinarily 
done: onshore; <by*connetting the: armature ‘of *the! exciter 
directly’ tothe field''of the generator! and 'then«varying: the 
generator” field ‘current by ‘varying the) voltage! of ‘exciter, 
the’ voltage’ of’ the: exciter being controlled ‘by increasing ‘or’ 
decreasing the ‘tesistance of its field circuit. For tedsons that! 
willappear later, this method was not used on the New Mexico, 
although be ‘on ‘later‘ships, ate to be’ 
entire cortrolof the the 
field ‘circuits: of generators, for if the generators no: 
field’ cutrent' they can generate ‘no. voltage ‘and! so°deéliver' no 
power'to the motors. ‘Thus all switching, sucl as “reversing, 
changing ratio of generator to motor’ speeds by thé’ 
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number of poles.on the motors, cutting motors or generators, 
in or out; 'is:done with the fields of the generators open. This: 
is necessary to avoid. shock to the system, burning 
switches, etc. This is so important that interlocks, both; me-; 
chanical, and electrical;are provided:so that such: switching 
cat) be-done:only:with the generator fields open. 
~The arratigemetit of engine room spaces of the New Mexico. 
is similar to that: of*:turbine-propelled vessels .of» her, class, 
although this is necessary only for motors ‘and shafting.'Ad-. 
vantage is taken of this feature of “ Electric Drive’ in later. 
ships,» resulting. in arrangement: giving. greatly. superior 
underwater protection, |The: two) sual dynamo: rooms: for, 
supplying: ship’s light:and power are located forward and,aft,, 
as in other vessels:of the same class. The exciter voltage.was. 
mdde the: same as the ship’s power voltage,: which thus: made 
the latter a standby source of power for running the engine 
room ‘auxiliaries: later:ships the dynamo room: will 
part of the main engine; rooms’ and. all, the direct-current gen-. 
erators installed will be capable 
or) for supplying ship's power... 
of ‘the: main -turbine on the. New Mexico; 

that. is, the main air, main condensate, main circulating and. 
forced lubrication’ pumps, are motor driven and: require con-. 
stant voltage for their operation. ‘These may be operated from 
the after: distribution. board but 
the same ¢xciter: that supplies the generator field current, The 
exciter thus must only furnish constant) voltage to, the 
motors: of the auxiliaries, but also: must»supply field, current 
over, a\ wide voltage range for the generators, This, said 
before, is: necessary because for each speed of the main motors 
there is a “ best” voltage and also because bringing the motors 
into step. when, starting or: reversing, necessitates..a considér- 
able inerease'in voltage and: therefore in generator. excitation. 
To meet these requirements, boosters,.capable of either bucking 
or boosting the constant are placed.in 
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Reference ‘to diagram) A will showin <a’ simple: way, how 
this is done? double’ pole, ‘double throw switch’ shown, 
allows power to be taken‘eitherfrom ‘the exciter; which is the 
normal: source,’ or fromthe) after distribution board which 
would only be used:in case! emergency. 'Dhreei circuits are 
fed from’ thy ‘plades’ of this switch:::The field, with>the arma- 
oorlt blot dati Diagram: A. Ssteogtlt 


Pole 
wee + 


net 


iene of the in with piles 
operated, ‘switches, is. the most. important, comes the 
field circuit of the booster, with a resistance for, controlling 
the amount of current)in the, booster, field , and, reversing 
‘Switch, for, controlling; its, direction, . The, third, cireuit, 
to the engine room auxiliaries, is simply indicated,, With 
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curtent through the booster: field in onedirection, the :polarity 
of the booster will: be sitch as to add its voltage to: the exciter 
and -give'a larger current:to the generator field. | If the hooster 
field, current is ireversed, ‘the: polarity »of «its. armature :will 
reverse and it: will oppose or buck the exciter voltage and a 
smaller: generatdr field ‘Current will The -value of ithe 
booster voltage in either direction is controlled by the booster 
field rheostat. Actually, As willbe: seeti later, the field rheo- 
stat and reversinig switch | aré\combinedsin a-moreceomplicated 
device. The result only here is given, not the actual method. 
It might also ‘be noted to havé useda resistarice directly 


in the generator field would have required a large cumbersome ~ 


cufrents run into the [hundreds 
viet 
t of i 


system 


of parts; as follows: 


-exciter switchboard. On this are ve 
“The switches for. controlling the main. auxiliaries, such 
‘as, main circulating pumps, pumps, ‘thiain | ait pumps, 
in condensate pamps, forced lubrication pumps, 
. Theirheostats for controlling the exciter voltage. 
The’ switches for’ by the booster 
switthes “for closing the field 
These switches are ‘operated electrically from the iat 
ils ‘selective switches for energizing” the 
altertiating’ current’ wiring. "This dOmprises 
A.“ The power wiring and’ switches between atid 


B. Wiring for meters, balance relays, etc. 
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3. The “ Control” wiring, which ee 
>: fe The control of the booster vol 


B. The control for. operating the main field 
C. The electrical interlocks. 


D. The steam limiting device. w rls 

It must, of, course, be rentembeted that althoug subdivided 
for purposes\of ses et circuits are all tied together 
and operate toget 

In the follow di ion of different ivisions, a - 
roi used, se in part copies of 
portions of lete diagrams and in plified: li 
sketch ter these diagrams have been Tollowed th 
it is the : tire diagrams be s ied 
are marked | d E and oe to~parts}1, 2 and 3, 
respectively. 


EXCUTER 
Nee 
1A. The-switc 


the main auxiliaries Yarkdble | or constant speed 
motors which* ‘require | constant volts €. Powet | lay be fur- 


nished them from eithet lexciter or from'the after/distribition 


board throt the: -exciter switchboard. Te ‘accomplish, this, 
four sets of busses-are provided, shown—in diagram 1, the 


After Disttibution Tibusses being ‘shown in solid! Tires, the 
“ Auxiliary’? busses in-broken Hines,-No, 1.“ Extiter” -bus in 
dot dashlines and (No.2 “ Exciter’—bus in. dotted lines. 
Selection is-made means! of a triple-pole; -Six-throw ‘switch. 
This switch consists of three sets of triple blades, each set 
operating togethet (see 2), shown as 2, 4 in diagram 
1, and four-sets “of triple’ clips, 1, 8, 5 “Any set of 
blades may.bethrown either. ¢ may. be¢hrown 
into either clips Lor 

blades“ -are~connécted three™feeders’ from-thé “after 
distribution board, giving 240 volts, three wire. Connected 
_ to the same clips are the “ After Distribution” busses (solid 
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lines). _'‘These-busses: to the six- 
throw Switch. As soon as “the: ‘proper switch.on t the after 
. distribution-board.in the after dynamo rooms thrown in, 
switch blades 4 are alive, as.is shown by the pilot'lamips (red), 
A, lighting-up.- Inasmuch as switch blades to be operated 
only under certain rare conditions, the’ blades. are mechanically 
locked open, so that operator throw in a 
moment of haste. bo 

Following out the “ inte will be 
seen’ that the upper or positive bus feeds the lower left hand 
jaws 4of the double-pole, do le-throw auxiliary _switches, lo- 
cated jon the upper portion of the-outb ard: panels, ° Only the 
switches for the port: auxiliaries ard s , the diagram cor- 
responding to a back view of thé bdard. The lower or negative 
bus feeds the lower right hand jaws-0f thé auxiliary switches. 
The middle or neutral bus i is not carried 4p to the double-pole, 
double-throw ‘switches, as all of the ‘motors for auxiliaries, 
except thé maih ditculating pumps, 
always on 240 volts, 

All three busses are- carried to the inboard bios? of Bro 
triple-pole, double-throw switches, located one each in the lower 
middle of the outer panels, which feed the-motors of the main 
circulating pumps. ° “These motors, i in order to get a wide range 
of speed; are designed to operate on’ either: "120 or 240 volts, 
the selection béing made at the motor starting panel, 
edt will be seen that all” auxiliaries may then, at any time, 
be operated’ from the “After Distribution” bus by simply 
throwing . their switches’ down. (main circulating pumps, in- 
board’) and that their operation does not depend upon whether 
the €xciters running: or not. The-* After Distribution” 
bus is always alive as long as thete i is voltage on the distribu- 
tion board in the after dynamo room, and. the switch 


The! “ Auxiliary” ‘busses (broken tines), if which are 
om blades 6 and 2, and feed 
the upper clips of the switches of their different respective 
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auxiliaries) (outboard: ‘clips::of »main’ :cireulating. pump 
switches) other | words, ithe! port |‘ Auxiliary’: bus: feeds 
the port auxiliaries! and’ the: starboard: bus \feeds, the:statboard 
auxiliaries!) They :can ‘readily be traced on the diagram! 
‘ol Tn operation,» the: Auxiliary’; busses)-are energized i:from 
thesexcitérs :as:willsbe discussed under: however, 
evident that once energized; the operator can-run the auxiliaries 
from either the Auxiliary’’: busses, or fromthe “After Dis- 
tribution’! ‘busses: preparing to get underway;with évery- 
thing stopped, the :practice is ‘first to. start \up\the atixiliaries 
on the “After Distribution” busses and then start the’ exciter, 
putting: its;exhaust steam: isito the: main: condenser.! ‘This ‘is 
ready to: take it,-a8 its: cinculating,) air:atid condensate: pumps 
are already running») After the exciter has been: brought «up 
toivoltage; the auxiliariés areithrown over on the Auxiliary” 
bus, which is fed from:the-exeiter: This: changeover involves 
opening the’ electrical ‘circtiits of the aixiliaries’ at their statt- 
ing panels, throwing double-throw ‘switches on the 
exciter switchboard and again closing! the:circuits ‘at the: start- 
ing panels. In the hands of'two experienced operators; this 
can be done in a few seconds, without more!than a:temporary 
‘slowing: down of the auxiliarys:) 
possible to start the auxiliaries without using the ‘after 
Distribution” busses, by: first) starting’ the :exciter,» puttirig vits 
exhaust steam into the after. dynamo, condensér and, ‘after the 
auxiliaries| have been started on the! exciter,: shifting its’ ex- 
haust to»the main condenser. This is a: much more! laborious 
changeover and ‘could not: be made rapidly andveasilyas 
the usual methods However, in case 'the casualty: of no voltage 
on the after distribution board occurred; it: would be ‘necessary 
to startiup dn:this way. eft ot 
isswell to:note-atithis time; thatiby:means of pilot lamps 
and: ,ammeters, ‘the -exciter switchboard operator can’ feadily 
‘tell, whether the: auxiliaries: are! running,|!:For:the ‘motor:and 
generater, ventilation blowers, which distance »from 
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the board or:in other:compartments, pilot lamps are placed on 
the exciter switchboard all: the auxiliaries, except 
the oil pumps, in the same compartment with the exciter switch- 
board, ‘ammeters ‘on the exciter board are provided and, in 
addition; in the case ofthe main circulating ‘pumps, a «pilot 
the starting” panel, in easy view: from »the»exciter 
board: By :means‘of the:ammeters, the operator can’ see at a 
glance how much:load the-auxiliaries are carrying. A special 
watch is kept:on:the:oil pumps to'insure their-operation: 
The Selective Switches for the Exciters.—The exciters 
ave directly ‘connected: to -their’ respective“ Exciter” busses. 
No.1“ Exciter” bus: (dotted) then taps on: to:clips' 3:and:7 
and: No. 2° Exciter” bus: (dotdash), to clips 1 and’. (Pilot 
lamps: E1 and E2::( red’) inditate ‘whether these busses “are 
alive! or: not.) Now, by ‘throwing: blades 6: into ‘clips ‘the 
port“ Auxiliary’’bus'is energized: from: exciter Noi 1. Tf 
blades: 6:are: thrown ‘inboard into clips 5 the:port “ Auxiliary” 
is energized from-exciter No! Similarly the starboard 
“Auxiliary” ‘bus ‘can! beenergized: from either’ by 
Thus: the auxiliaries on either side’may be 
either exciter and as (as will be‘seen later) the generator field 
‘circuits»and the “: ‘Operating”* bus! are taken from the: Auxil- 
iary’” busses; the same is'true/of'them: Thatis, either’ 
ator field, may be fed:from either exciter, 
A: possible’ casualty that! can be considered: at this ‘time’ is. 
that of the after distribution board going dead, due to-both 
after dynamos going out of commission and no power avail- 
able from the forward distribution board. if one exciter can 
‘be spared in the center engine room, it can be utilized to supply 
power to the after distribution board and’through ‘this: to the 
‘ship’s circuits, by throwing’ blades 4, either right or ‘left,'into 
or 5, depending on which exciter is available. It ‘must, 
however, ‘be carefully» borne’ in’ mind, that in nio*caseishould 
‘blades: 4: be: thrown. while alive, as’it would entail putting an 
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in parallel with the after distribution board. This 
would be if the: exciter were not 
running. 

Diagram @-The. exciters are 3-wire, compound-wound. 1 ma- 
chines with commutating fields, both series and commutating 
field windings being in two §éctions. Cufrent flowing. from 
the positive brushes passes through ‘one-half the series and 
commutating windings, which’ are placed on alternate main 
and commutating- poles, respectively, and then out om the 
positive leg of the:three-wire system. Current returning from . 
the negative side of the three-wire system flows through the 
other half of the'series and commutating windings'to the neg- 
ative brushes. This arrangement is necessary to provide prop- 
er compounding-and commutation for all degrees pipetslanced 
current.on the-two sides of 

The exciters being self*excited, diagram 2, pri field 
current is taken off at the’ » positive brushes, passes through the 
rheostat on the back of the exciter board and back to the nega- 
tive brushes.”. By varying the amounit-of-resistance in the field 
rheostat by means of the hand wheel’on the front of the board, 
the voltage of the exciter is controlled; being-read:on-the volt- 
meters on the board:. Under — operation this is main- 
tained at 240: volts. 

1D)"The Switches for Controlling, the Booster M otor-Gen- 
erator Sets-—As has been said before, the main generators, in 
order to meet different ‘conditions of Joad. and sea, require 
values of field current which.vary between wide limits.. Start- 
ing the motors, with the ship dead in’ the water, requires not 
more thart 300 ampéres through the generator fields to pro- 
duce sufficient voltage for the motors to pull into step. “As the 
resistance of the generator fields is about: 0.47ohm, cold; this 


requires about 141 volts.» With the métors*running at cruis- 


ing speeds in a smooth sea, less than, 250. ampéres, or 117.5 
volts, are sufficient. To effect quick reversal-of the motors, 
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with the ship going:ahead :at;maximum speed; tequites ‘about 
500) ampéres generator ‘field current, or 300: on the ‘field; 


whose hot resistance might them be 1) 


'Invorder to obtain such variations of field from 
furnishing ‘constant ‘voltage’ (at either 120 or volts); 
boosters, capable of either boosting or bucking this constant’ 
voltage, are used.' ‘These sets consist! of ‘booster (generator 
driven by a ditect connected, constant speed, ‘shunt motori!The 
booster: generator or aS generally ‘called; the ‘boostér, has 
its armature cotitiectéd in'séries with the generator field circitit; 
and: its ‘field: separately ‘excited ‘from >the main ‘switehboard:’ 
If)current’ (see diagram 3a)/in One ditection be sent through 
the field ‘the exciter, it! causes the’ booster to! be of different 
polarity ‘fromthe ‘exciter and: ‘the: voltage impressed? onthe 
getierator field) will ‘be the’ differenve’ between! the exciter and 
booster: voltages.” When, however (diagram 3b); the current 
through the booster field is reversed, the pay ‘of the boostér 
also ig reversed and itoadds its ‘voltage'to that lof the exciter 
The' ‘control! of: the booster ‘field current ‘and:its* reversal 
effected by' means of 'a'rheostat; controlled’ from; atid nidurited 


Toc¢ontrol the entire! bodster: switchés in’ alloare 
used, two? single-pole;' ‘double-throw} single-pole |‘single4 
throw: andone’single-pole, "pump" starting’ switeht of; 
these have their handles showing that they ftust 
notbe’operated when the ‘generator ‘field ‘is closed) or éven' in 
any caséheedléssly thrown. Istivon of) bas 

control the booster’ motor, taken’ fromthe upper 
Auxiliary’ bus to theoblade of ‘the “pump” starting "switch. 
(See ‘diagram 1,>:' The booster’ circuits’ represented ‘are’ 
simplified fine sketches.) ‘The “pump” switch sdrves to start 
the 'booster’motor and is! of ‘special construction Tt“consists 
of ani insulated arin ‘A, ahd a’ copper! blade! B;' both of which 
hang down (as'in ‘diagram 4¢) whet’ Tor start the 
booster the \dperator' graspsarm* ‘A and it ‘up’ 
against the boatd-as in By meats pawl; armA drags) 
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arm B after it and when is,up.as far.as:it will go,arm B 
will be as shown, in 4b; making: contact-with, ‘@-copper contact 
Z. Arm A is then brought back.again to B andiagain: moved 

up to:the board, bringing arm: contact with ‘(diagram 

switch: is operated,|.. When blade makes contact with, Z, 
current :passes directly. from: the upper “ Auxiliary” bus: to- the 
motor field and also: through resistance 'r1,-fuse, f and: resis- 
tances'#2:and to,the armature, Field and.armature cur- 
rents, unite at P, pass through the single pole switch M: to,Q, 
and.return to.the lower ‘‘ Auxiliary’’, bus... Successive positions: 
of; blade (diagram 4c), gradually eliminate the starting te- 
sistances, the,“ pump”, feature, of the switch, compelling the 
operator to start the:motor properly. Contact Z is made-for 
all:positions of arm Bin order not.to put-resistances:71, 72.and 
r8-in,series with the field.as'arm B moves up. Contacts Y and 
X are.opened: as soon as.arm’'B has, moved, past them.;. Blade 
B.is, also interlocked; with ithe generator field. switches ‘as’ will 
‘be described in 1E. Fuse f is imserted to guard: against any 
abnormal! condition in starting, but is in circuit only during the 
first step, (B-in-contact with inserted, so. that 
potential can be removed from both sides.of; the: 
when not running to permit cleaning, repairs; ete,’ 9 

For the generator field circuit, taps ftom the upper. 
tive) and the neutral “ Auxiliary” busses: ate: brought. to the 
clips of the single-pole double-throw switch K.. From its blade 
the current ;passes directly, to ione! pole.of the generator, field 
switch, (to be-described in: detail i in 1E) thence: through: the 
generator field and back:to the other pole/of the field switch. 
Switch K, if thrown up, takes.240 volts from: the exciter, while 
if.thrown down, takes120; volts. the second: pole,of, 


the: field. switch. the currentgoes to the blade :of switch 


this is thrown up, the-current continues, through the armature’ 


of, the booster; through to and) thence’ to: the ‘negative. 
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“Auxiliary” bis. >This’ is. the norinial direuit. 
Should anything ‘happen’ ‘the ‘boosters ‘that it cannot ‘be 
operated,’ switch’ Lis'thrown down, so’ that 'the current’ goes 
directly to Q, taking the booster out of circtit. ’'This change 
mist! be’ made’ with’ the’ generator field open! ‘Switth N is 
provided 'so that ‘negative potential cant be removed from ithe 
booster for repairs, 

If the booster is cut out, the voltage applied to' ‘the generator 
field and ‘thus the generator field curfent titist ‘be controlled 
by means of the exciter field ‘rheostat. It is’ also" necessary to 
shift the ‘auxiliaries to the after ‘distribution’ hoard, ‘as. the 
exciter ‘voltage now will be variable hence’ correct 
their proper operation. | 

It will be seen that although exciters are ‘ihteichangelone! 
the’ boosters are not. The port booster can be operated only 
with the port ‘generator and the starboard booster only with 
the starboard generator. This is done'in order to eliminate an 
additional switch which would be’ necessary to make the boost: 

ers interchangeable and, while giving simplicity, sacrifices the 
emergency ‘feature embodied in being’ able to use the secorid 
booster i in case Of failure of the one in tse. 

IE. The Switches for Closing the Generator Field Circuits. 
—These’ switches are moitited at the top of the center ‘panel 
and are opened and closed electrically. In case of emergency 
they may also'‘be opetied and closed by hand. They consist 


_ simply of two arms, moved’ together by solenoids, ‘which, in 


closing, make’ two ‘contacts each, in’ succession. The first i is 
an auxiliary contact (the tips of which are readily replacable), 

and 'is designéd to’ close before ‘anid ‘open after the Second con- 
tact." “The second contact is the tain orie and carries the cur- 
rent’ ‘when’ theafmis’ are’ closed, ‘the’ auxiliary ‘contact being 
intended to take any arcs that occur in closing or opening, and 
so protect the main contacts. | ‘Diagram 5 gives a rough repre- 


| Sentation ‘of ‘the idea’ outlined, although’ the mechanical’ means 
| of carrying out the idea is different in the switches ‘installed. 
| In 5a, the switch is partly closed, the auxiliary contacts being 
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in contact, ‘but, the main, ones. open. The switch is. entirely 
closed. in 5b, .On opening the switch the main contacts open 
first as. in.5a. Contacts A and B are on the face, ake 
switch in practice....: 

Electrically these a closing a 
coil. .,When the closing coil is energized from the main,board, 
a closing plunger is lifted, which closes, the switch sharply 
against a spring. The switch is held closed by a latch... When 
itis, desired to open the, switch the tripping coil is energized, 
which lifts.a plunger and knocks out.the latch. The. switch 
is closed by hand, if desired, by a. lever which lifts the clos- 
ing plunger and it. is opened by hand. by lifting the same 
plunger which the tripping’ coil and 

_As, said the field are a, num- 
ber, of auxiliary switches and interlocks, It is highly essential 
that the field switches are not closed unless the booster. is run- 


-ning,; Referring to, diagram 1, suppose switches K and N 
closed and L, thrown up. If the field switches were now. closed, 


generator field current at a value of about, 500 ampéres, would 
flow through the booster armature, which would make. it run 
away. In order to. prevent, this, the field. Switches are inter- 
locked. with the booster motor “ pump’ . (starting) switch, so 
that, the, starting switch must be closed before the,field switches 
can be closed. Conversely, the field switches must be. opened 3 
before: the starting switch can be pulled., 

. On: either side. of the field switches. are two, buttons 1. and a 
diagram 6a, | which the field switches in closing, press into. the 
board. . ‘The buttons normally are held out by springs.) Button 
1 is interlocked with a similar button, 2, closed by the booster 
motor pump”. (starting, switch), in, such, a way. that button 
1, will not depress. until ‘hutton 2 is If. button 1 does not 
depress, the. field switches cannot close, This. makes it, neces- 
sary to start up. the: motor 
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,Button)1 is also interlocked with a,latch 8, over, the handle 
of the pump”. switch, .As button 1 moves. into the board, 
latch 3 moves down, gripping the handle of the “ pump” switch: 
and locking it in, .Latch 3 does not release the “‘ pump” switch 
until button 1 is out again, which means that, the-field switches 
are open. Button 4 in closing actuates a switch in back of 
the board, which. closes the circuits of the interlocks, locking 
all apparatus on the main board that must not be changed while 
the field switches are in. This switch is in back of the exciter 
board and also. operates the. indicating lights. on me exciter 
and main switchboards.... 

The ‘field: switches are: also with an 
contact .5, which is opened when the field switches close and 
is closed, as. soon as they start-to open... It simply connects.a 
resistance across the. alternator field, as outlined in, diagram 6a, 
to take the. inductive discharge,‘from the’ field and reduce: the 
arc at the contacts of the field switches, on opening. 

It owl, readily. be realized that although the: position aw the 

“pump” switch is made certain of, the operator could, by | 
thoughtlessly opening switches K, M, L or N, cause much 


' trouble. The ‘significance of the red color of the handles of 
the switches of the booster set is thus the more apparent. 


Should it, become”necessary to cut: out the. booster at any 
time-before-the- field switches. are! first opened, ‘switch is 


thrown. down.and switches M and opened, -the latter discon- 


necting both. booster. motor and generator.from the negative — 
side of the “ Auxiliary” bus. The “ pump’’switch must,  how- 


ever, be:left account of the interlocks to the, field 
switches.” 


Whenever . the: ‘booster: is ‘described its? etd 


should also be opened: “This is'd6ne by means of double“pole, 


single-throw knife switches (one for each booster) mounted 


ofa small separate’ panel, over the main operating board, on 
a level with ‘the exciter switchboard! platform, 


: IF. ‘The Selective’ ‘Switches for Energizing the’ 
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as: Well as, operating the ‘various: interlocks, 
indicating lamps, field switches, ‘etc., a sét of busses on the'main 

switchboard are provided. ‘These busses are called the “Oper- 
ating” busses and must always be energized. In order to 4 
provide for any emergency, they may be energized from either © 


exciter or from’ the after ‘distribution board. To get this 


‘amount of selection, two triple-pole, double-throw switches are 
provided, one each on the bottom of the outboard panels.’ ‘The 
- orie’on the starboard side is a special switch, built as shown in 
diagram’, having two sets of clips. The outer clips areof 4 
the regular type, but the inner ones are special, curving around = 
as shown. ‘When, the blades are as shown in the “top” View, = 
they make contact with both sets of inner clips. If the blades = | 
are thtown over to oneé side, they continue to make contact . 
with ‘the inner clips until after they go into contact with thé 7 
outer ones. The other switch, on the side, 
~ of the ordinary type of knife switch. - ng 
In is scheme of somewhat re- 


7 
— 


— 


| 


Outer Clips: 


» 


~ 


je he the two sets of clips of the port switch, From the blades 7 
~ of the port switch, ‘leads go to the inboard: clips of. the ‘stat- 4 
board or special switch, of are’ 
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connected to the “ After’ distribution feeders, From the blades 
of the special switch, leads, go directly|to, the ‘ Operating” bus. 
The pilot lamps shown. in the diagram) serve to; warm|the, oper- 
ators and are mounted at the top of the exciter and main switch- 
boards. They burn as long'as the: Operating’ bus'is' alive, 

Normally, the. Operating” bus is, energized from) one: ‘of 


the, exciters, but if it.is, desired. to, throw, it over, on, the other, 


exciter,: the special switch is first thrown over, to,.the.after. 
distribution board, the port switch thrown. over to the other, 
exciter,,and the special, switch thrown back... ‘It,.will be seen 
that, by. reason.of the inner, clips: of; the. special switch, poten-, 
| tial is never taken, off the,“ Operating’’. bus. during the, switch-, 
| ing... When the, blades of the. special switch are. spanning: both 
sets, of inner. clips, current, is, taken: from both sides, Should, 
there be any. difference of, potential between, the two sources 

distribution. board), a. short., circuit, cure. 
rent, would flow. from one source to the other, were. it not, for. 
the fact, that, limiting resistances, are, putyinto, circuit between, 
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| the inner and outer clips on each side. ; These,are, shown in. 


| diagram, 8,, ‘They ,will carry, the. full control current, aswell 


as.any. short circuit current that might, be caused, if, the, Jatter, 


is not, excessive, If it: is excessive, the.fuses, will: blow. An 
excessive current would flow. only ifthe Operating” bus. were. 
thrown on,a dead.exciter or,one whose, voltage, was; very, low.. 
Besides, whenever, the special switch is operated, it;is, thrown 
; Over very, rapidly. Ati is of course evident that if both exciters. 
E are out of commission, the “ Operating” bus can be. energized, 
from the after, by special, switch 
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c. ‘The Motor Disconnecting Switches. © 
The Generator ‘Diseoninecting Switches. 


2A: Diagram ‘11 shows the’ complete’ ac. wiring on 
side.—As there indicated, power is generated in the generators 
_atid transmitted to the motors as a two-phase, four-wire sys- 
The chief reason for adopting ‘a two-phase system’ in- 
_ stead Of three-phase, as will be used on some newer ships, is 
that one motor’ Stator winding, which can be “arranged for 
either 24 or 36 poles with all conductors active in either com- 
bination, ‘is’ feasible with two phase, but difficult ‘with three 


me phasé. © Where the three-phase system ‘thas been adopted, ‘two 


- separate motor stator windings, one giving 24 and the other 
36 poles, are’ ‘necessary. Further, two different easily made 
atrangements of the two-phase geiterator armature windings, 
_give, for the same field and ‘speed, values 
_ the ratid of 100 to 141.~ 

The generator disconnecting switches, at the top of sing 
11, ‘are’ heavy knife ‘switches, operated by long levers ‘and 
located’ on’ the utboard bulkheads of the center engine room, 
abreast of the main operating board. ‘In their open or neutral 
position, they disconnect the _generator from the rest of ‘the’ 
system while if closed ¢ither way, they connect the generator 
arrange’ the generator int one 


"There are four patts to'the of the generators, ‘which: 

are brought to the disconnecting switches on eighit’ cables. 
_ Arranged one way by the generator disconnecting switches 
. results in the so-called “ low voltage” combination of the 
_ winding. Arranged the second way, gives a voltage 41 per 
cent ‘greater, this combination being known ‘asthe “ high” 
_ voltage arrangement. This will be.taken up in further detail 
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2Aa. The Bus Tie Switch.—Leaving the generator discon- 
necting switches, we have from each,: four cables, marked in 
diagram 11; as 1, 2, 2’ and 1’, Cables~1-and 1’ form one 
- phase (known also later a ; ‘phase A), and 2) ‘and 2’ constitute. 
the other (or phase B). Next are taken off taps from each 
cable leading to the bus tle switch, which connects with the 
wiring on the starboard! side! jattet’ is, of course, a 
duplicate of that on the poft side; ” (See. diagram A.) The 
bus tie switch is a knife switch, located i in the cell behind the 
main operating board and’ operated -by ‘hand ‘by means of a 
long lever inside thecell. Its function has already been indi- 
cated, it being used:to connect the motors on both sides if only 
one generator is operated. It is electrically interlocked, as are 
all the a.c. switches, so that it cannot be opened while the 
generator field switches are ¢losed. As the cell doors are also 
electrically locked while the nerator f field | switches a spent 
it is necessary that the be opened: afore 
even enter the cell to throw the bus tie switch er 

Mechanically the, bus. tie switch is i erlocked with: 
erator disconnectitig ‘Switches; ‘so: that “it cannot be closed if 
both generator disconnecting switches ate in. If one generator 
disconnecting switch is closed and the bus: tie ‘Switch is closed 
the other disconnecting switch, cannot be. closed... This is is to 
prevent putting the two generators iin | arallel, 

2Ab. The Motor Reversing Switches—Weé tome next to 
the motor reversing’ switches: switch consists of a set 
of double-throw_ switches located in the cell behind it main 
operating board and operated through bell cranks by ertical 
lever, placed in front of the operating board; Although shown 
in diagram 11 asia double-throw switch, the result is the same. 
We really have. two, sets of blades, electrically. joined. together 
at their hinges. or pivots. When the operating lever is thrown 
one one, set of blades close: while ‘the. other set, remains 
open and vice.versa.'The reason for opening and closing these 
switches under oil is, that when the lever is operated in prac- 
tice there will probably be some fraction of the load current 
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still flowing/even though the, generator field.switches are open. 
This amount..of current, will however not be great, enough, 
but what, if broken under oil with proper arcing contacts,, ett 
it may be handled. with perfect safety to the equipment. |), 

Electrically, ,it, will be,seen. that. this. switch: simply 
phase 1 to the motors, this being, the accepted method of; re- 
versing the direction of rotation of an induction motor.; While 
open, it also opens one side of phase 2, this being done, to 
entirely open, the motor while the switch lever: 

The motor, pole to, we next trace 
the wiring, will be. further considered. im 2Ae. These are, also 
double-throw. oil switches, the. same. as. the«reversing switches, 
They. are placed in. the cell: behind, the operating board.and, are 
also operated through. bell cranks by large. vertical levers, placed 
in front.of the main board. . The, pole-changing switches. split 
up, the, four,,cables.of the, two) phases, into: eight wires; which 
in turn lead,to the two motors. will be seen. from diagram 
11, that the two port motors.are,always,in, parallel.and the 
same. is true, of, course, on the starboard 

2Ac. The Motor Discounecting the 
common motor connections, below the. pole-changing switches 
and the motors, we find the motor disconnecting switches, one 
for each motor...These are intended to. cut, out a-motor.if for 
any reason it is not desired to,operate that motor.,, Each,switch 
consists of eight. knife, blades, and: is, operated by a long lever. 
They are placed on the sides, and:back.of the cell, well\up above 
reach. They are operated by,means of a rod.which carries .a 
hook;on jits.end, this hook being placed into. an eye in, the end 
of the operating lever...,They are electrically interlocked, to 
prevent throwing, while the alternator field, switches, are .in 
and,are also mechanically locked, in) by a latch, to. prevent, jar- 
ring out... Their use. would only, be occasioned by injury, to 
the motor, thrust bearing, shafting or propeller... From. the 
motor disconnecting switches, eight run. to 
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'QAd'T. he Generator Disconnecting Switches. 276 study the 
action ‘of these switches’ in atranging the generator winding, 
diagrams 12’ and’ 18 ‘are ‘provided: ‘The’ generator atmature 


_ winding’ is it! four’ parts, ‘the ends of’ which are numbered 1’5’, 


and’ 4/8", connected,’ respectively, to terminals 1, 5, 
2, 6, 8, 7; 4/and 8 onthe terminal boards. "Throughout dia- 
grams 12‘ and’ 13, the’ cables ‘of phase 1 ‘are shown’ solid and 
those’ of phase 2 ate broken!’ In the switeh’the blades are rep- 
resented’ by ares, thtown ‘up in diagram 12a.’ It ‘will be’ seen 
that the blades are electrically connected at their hinges" in 
pair's and’ from this’ connection’ are''led ‘off the‘leads ‘going to 
the motor switches. These ‘common points are designated’ aa’ 
for: phase’ 1 and for’ phase 2. In diagram ‘126, is a 
simplified view of the result ‘Of throwing’ ‘the ‘switches: 

Starting’ in’ that diagram froma, we’ both 2” aiid: 

through’ their ‘respective’ parts ‘of the’ winding, to 6’ and 4" 
and uniting ata’) places these two parts of the alternator 
winding in parallel, 'so'that' the Voltage of the combination is 
the saftie ‘as ‘the! voltage Of either part’ Similarly for phase’ 2 
we start at b, pass’ ‘to’ both p’ and’ 3’, ‘through’ the windings ‘to 
1’ an? the two again at Considering 


parallel’ of phase 1, a to to'2, to to 6’, 'to 6, to 
to a’, and forthe other circuit of the same phase, a to f, to 8, 
to'8", to 4’, to 4, t6 1, to a’. The’ first of the two circuits’ of 
b, 9, 5, 5, V1, atid’ the’ second ‘is, b, h, 8, 3’, 

The: citenits indicated by the light’ broken linies, 
m ete, ate not uséd when the switch is thrown up. ions 

Tf now the’ switches ‘are thrown down, the result is ‘shown 
in We'have riow 'the four parts of the 
erator winding into what called’ a mesh connection, ‘simply 
shown in diagram’ 18¢. With the windings of a two-phase 
generator so connected ‘we obtain one phase’ by tapping two 


diagonal ‘corners atid the other phase,’ by to the 


‘two diagonal corners.’ "The dorners @ and’ a’) , in diagram 
18¢ give phase 1 and corners b and b’ give phase 2. Diagram 
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is a'step nearer the actual witing:“We'go-from a to both 


2’ and 5’ and from 4’ arid’?’ to b we pass to both 
3’ and 6’ and from 1’’and ‘In we 
these same respective circuits as follows: 


“From to the circuit is a, m, e, 2, 
“From ato 5” the circuit is a, g, 5, 
_ From 4’ to a’ ‘the circuit is ¥, 4, 1, t, 

From to 3’ the circuit is b, p, h, 3,3’. 

_ From b to 6” the circuit is b, 0, k, 6,6". sg 
‘From 1’ to 0’ the circuit is 1’, 1, i,q, 
From 8’ to b’ the circuit is 8’, 8, f, r, 0’. 


_ Putting a two-phase winding into.mesh, gives a voltage at 
the diagonals, 1.414larger than what.it.is for a single part of 
the winding: - That i is, if the. voltages from.” to. 3’ and from 
to 2” are: each 1,000. volts,, then ftom a; we will have 

1,414 volts; ‘The explanation of this is beyond the ‘scope of 
these’ notes, but it should be remembered that the voltage from 
7’ to 8’ is 90 electrical degrees from the voltage from 6’ to 2’ 
and that they: mort be aided to voltage 
from @ to 

In operation, the : is used up to: about 
17 knots. of the ship, or whenever only one genetator is used. 
For higher speeds, or when both the 
high voltage connection is used. | ~ 

2Ae. The Motor Pole C habia Switches. Sigs said before 
these switches are double-throw oil switches, operated by a 
vertical lever in front of the operating board: ‘The lever has 
three positions. “The middle position’ is the neutral of open 
position, in ‘which’ the’ motor’ Gireuits ate’ opened. With the 
lever thrown aft, the motor’'stator ‘or field windings | are ar- 
ranged to give '36 poles, while if'the lever is pulled forward, 
the windirtigs are rearratiged to give’ 24 poles! 

Tt will’ be attempted in the ‘following pages’ to’ 
the motof stator windings iare in either case, It will} 
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however, first be necessary to,investigate the, motor windings 
to some extent., There are 384 slotsiin the stators ofthe motors 
and: in these 384 slots there are placed 384, coils. In, each 
slot there are therefore two coil sides; that is, the right hand 
side of one coil and the left hand side of another. The same 
coil side of all the coils | are placed at. the bottom of the slots 
and all the other coil sides are placed at the top. ee 

Each coil has 9 turns in series as is shown in diagram. 14. 
Here are represented three slots, numbers 86, 97, and 108, 
the intervening ones being omitted. A coil starts, let us say, 
at S, at the front end, _ passes. through slot 86 to the nF Ra of 


pleting one. turn... After. leaving slot 97 the: wire. again passes 
back to slot 86, and around as before, continuing this;until nine 
turns. have, been, completed. . The end.of. the;coil is then. Fy 
As shown, the, left hand.,conductor of each; turn jis drawn, in 
full lines, while the right-hand, ones are in broken lines... :Actu- 
ally, as, in all electrical machinery, these. coils, were wound) on 
a form, properly insulated and. shaped and then treated, with 
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proper insulating, compounds to guard against, moisture, and 
" baked. . After, this. treatment they. were, inserted in the. slots, 
All the conductors, represented . by the full; lines.in any.slot 

are all together, in one bundle and the same for the conductors 
represented by. the broken; lines... Mt abiliis in the. slots, one 
then lies above. the other. 

In the diagrams, used in this, he. 
ht as made by the pole-changing, switches, it was thought 
advisable to represent over 100 slots. To have represented 
each slot completely as in diagram 14, would have made a 
confusing diagram, out, ofall proportions, so; that,;.as;is often 
done in such diagrams, each coil is represented as a single turn. 
We have then in diagram 15 the coil inserted in slots 86 and 97, 

starting as and ending! with» Fye°It is accordingly under- 
stood that there are thus: represented: niné*turns per coil. As 
we are really only. interested’ ‘in the interconnections of the 


coils, which involve. nly their ends, this is per satis- 
ha, \ / 
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‘the are ‘indicated. The god 
of coil 86-97, which is ‘marked Fi is joined to the ‘Start (Ss) 
of the next coil, 87-98, and so on, as ‘many coils being omped. in 
series ; as the ‘design warrants. 
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The entire winding of 384 coils is divided-into 8 divisions! . 
Each division starts at’one of the eight terminals Of the motor 
terminal boards, being fed by one of the eight ‘cables leading 
from ‘the pole changing ‘switches and ends ‘at’ either one ‘of 
two “ tings,” within'the motors.” These two “ rings” are large 
copper conductors, bent into thé form of a ting, closed upon 
themselves and placed at one end of the windings, just beyond 
the’énid connections’ of the ebils.’ “Theit function will appear 


‘In diagram 16 ate represented two of these winding divi- 
sions. Each division consists of six sections placed in parallel. 


Winding. 
Ib {tt 


From the terminal T1 of the terminal board, we tap a feeding 
ring, which is a copper conductor passing entirely around the 
stator. From this feeding ring are led. off the six sections, 
the sections themselves being uniformly spaced, or 60 me- 
chanical degrees apart around the entire stator winding. | The 
six divisions after passing through the coils. again unite, all 
being tapped into ring 1, referred to above. ‘The sections of 
division 2 have their own feeding ring and tap into a second — 
ring, marked 2. The other divisions are all similar, each has 
its own feeding ring and the sections of each are uniformly 
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spacéd ardund’ the stator, But) it: wilb'be seen later that idi- 
visions 1/8, 4:and 6 all tap'into ring 1: and the other 
2, 5, 7 and 8, all tap into ring 2. 

Each’ section of division consists of two groups of ails, 
a group of five’ coils and a group: of: three:coils.) In 
‘the total sections’ in the winding’ the three-coil group ‘is:to:the 
left of the five-coil group as in‘diagram 15, while in:the other 
half of the sections the three-coil group is.on the right hand 
side of the five-coil group. “But in either case they ate similatly 
placed: An idea of the*second) 
by looking at' diagram 15 upside down. 

“Let us trace through: the section 16: ‘Start. 
ing’ at A, we pass to S,, slot/86; slot: 97, Fj, slot 87, slot 
98, F,, $3, 88, 99, F;, to B.' Bis the end of the three-coil group 
and’ this’ is connectedto which,'as we have so' far been 
thinking, might be considered as the end of the five-coil group. 
This is ‘correct and the reason for its being done will soon be 
apparent. From C we follow through’ Fj,, slot 112; slot 101, 
Sig) Fis, 111, 1100, Fyy, 110,99) 98, 
Fis, 108, 97, Siz, to'D: If A is the’start of the section, 
then D'is its’end. If current were 'considered as entering at A 
it would pags around the three-coil group in clockwise fashion, 
‘but in ‘the five-coil group it would flow around»in' a°counter- 
clockwise’ direction. This would’ produce a south pole“above 
the face of the three-coil group: (as we view it) and anorth 
pole in‘a similar position above the five-coil group: One’ versed 
in windings ‘will at once’ see that, throughout, the three-coil 
group of a section’ is ‘a’ part of the turns forming ‘one pole, 
. while the five-coil group will be a part of the winding: forming 
the adjacent ‘pole. latter is’ course: 
polatity 

We said before: that the’ six: of of ite: ight 
winding divisions were uniformly spaced around: the winding. 
Thus the combination of one section: from ‘each division will, 
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poles:and in the 36-pole arrangement will) form 6 poles: | There 
is, however, some overlapping oh vines divisions,.as will be seen 

Since the six sections of a division are all.in ian we 
may represent each division: by one, section, for, what is true of 


one section is true of all constituting a division. jdiagram 


the eight divisions are represented, each by a single: section. 


In this and in: subsequent diagrams, phase 1, or.A is.represent- 
ed ‘by ‘broken lines and, phase 2, or B by solid lines.|, This, is 
done to make it easier to follow the diagrams and to distinguish 
between the two phases. The. pole changing switch is thrown 
up (the blades of the: switch being. represented. by. :arcs), 
ranging the winding to give 24-poles. The outer,ends of each 
division are marked with a primed number (2’, 6’, etc.) cor- 


responding to the, numbers of the terminals, of the switch 


above, to which, the sections are connected... The significance 


the letters, Aa -+,'Bb—, etc., with, which, the, coils: are 


marked will be taken up later, It: is suggested that no, atten- 
tion be!paid to them until the explanation | on 
review their significance will be appreciated. « 


As stated before, divisions 2, 5, 8.and-? will to 


to the. outer ring) (No. 2) and; divisions, 6, '1,,4,and 
8, to the:inner ring 1), The dotted interconnections, of 
the switch (2:1, he, etc!) are inactive, while, the, switch) is 
thrown up. Although perhaps, needless.,to,:mention, the fact 
should. be carefully noted; that, all the connections shown, in 


diagram 17/and. as well in diagram. 20, which will, show, the 
' switch thrown down arranging the winding for 36 poles, are 


all.permanent. The mere.act of throwing. the switch one way 
or the other, makes the proper combination of the winding. 


The connections of the different divisions)of the: windings to — 
rings 1 and 2'are of the naturally;can- 


we are ordinarily not interested: with any immediate: polarities 
produced. What we do concern ourselves with, are relative 
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polarities. In diagram 15, for instance, the passage of 
nating current will at one instant produce, say, a forth. pole 
above the thrée-coil § group and a halt cycle later will ‘produce 
a south pole in the same region. ‘But in order that: ‘the désired | 
results may be obtained i in this particular winding, it is essen- 
tial that the polarity of the five-coil group be at all times. oppo- 
"site to that of the‘three-coil grotip. This gives the reason for 
connecting the two groups ofsa section as $hown. As the: cur- “a 
rént in One’group reverses if also reverses in the other, so 
one group always produces polarity opposite to the other, 
in the study. of alternating current windings,.it is customary . 
to consider’ what" happens’ for one; ‘instant of the cycle; when KY 
current, say, in a single group is in one cértain directiqn, 
lf all other groups relatively are correctly arranged to meet = 
the requirements of this particular instant, then base 4 relation = 
fon all other instants of the cycle will-be correct: 
_ Accordingly we'will assume for the moment considered. that © 
the instantaneous direction of the current. is down in lead 2° | 
(above switch) and up.in cable 2.. We find then that: tracing a 
- with the current. we have from terminal 2 of the switch, two 
paths in parallel. The first is from términal 2, to end 2’ 9 | 
' (Bb +), through division 2 of the winding, to ring 2 (outer), = 4 
around ring 2, through division 8,.to end 8’, to terminal 8, 
to d, to lead'2) “The second path is, from terminal 2, to 6 to 
end 6’ (Ba —), to ring 1 (inner), around ring 1, through 
division 4 of the winding, to erid 4’, to 4, to’c and back to: 
cable 2. The instantaneous direction of the current is then 
from terminal to the ring. in the case of divisions 2 and 6 and 
from the ring tocthe terminal in ‘divisions 4 and 
Let us. now turn to diagram 18. Here is repre a 
developed view of the complete winding of phase B, betweeti 
slots 22 and 129. The small vertical lines represent-the« con 
ductors in the slots, those with a number in-their center: 
the upper bundle of conductots (there are’ really 9: turns" 
a coil) and the urtnumbered conductors being the bottoiti 
bundle: “A numbered conductor and the one di- 
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rectly to its right are, assumed. to lie-in the same slot and 
where necessary to refer to an; unnumbered: conductor, it will 
be designated by adding 1 to its:slot number. For instance, 
the: upper conductor in slot 81 will be called conductor 81, 
the unnumbered lower. slot will be 
designated as 8144. 

_At the bottom of diagram 18 are slejern the leads from the 
switches marked T2, T%, etc. These tap into the feeding 
rings, represented by horizontal fines, from which are tapped 
off the respective divisions of the winding. The two rings 
which interconnect the divisions ‘are also shown by ‘horizontal 
lines above the feeding rings and are marked “ Ring 1” and 
“ Ring 2.” In order to show the complete winding for four 
poles, it was necessary to show two-sections of divisions 2 
and;4,)as considerable overlapping of sections'is evident. Only 
the feeding rings;and the conductors in the slots of phase A 
are shown, and these are in broken lines., The direction of the 
current for the instant. chosen inthe discussion for diagram 
17 is followed out as before, the direction of the arrows cor- 
responding in the two diagrams. The coil groups are marked 
to show their start and‘ end. Thus the three anid the five-coil 
groups ‘discussed diagram | 1B diagram 18 marked 
T2R2 to’ show that the’ section’ which they constitute is ‘con- 
fiécted between tetminal'2 and ring 2." ‘The end: cofinéctions 
marked (fread “lower connection”) are 'so' designated’ to 
distinguish them from ‘a’ similar’ set of ‘end connections, not . 
| shown in diagram 18 but appearing in diagram 19." One ‘set'of 
| end connections are drawn above the other inthe diagrams and. 
| are therefore ‘called’ the “ upper the’ other 

| Sét drawn ‘lower down are called the “lower ‘¢ontiections.” 

| The’ tetms have further significance to’ 
the ‘one! set from the’ other in’ the’ diagram)’ 

°Tn ‘order ‘that, if desired, each’ section’ toy be followed 
through, their’ complete paths are given’ below.’ 'In'each case 
| the path is followed in the same direction in‘ which’ bind instan- 
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BY 86- Re. 
38- 4414- 84- 4514- 36- 
22- R2. 
82- 92%- 81- LC- 70- 81 
TARY Ba+ 128%4- 117- 127%4= 116~ 126 115- 
1244- 118+ L C- 102- 
4084 115%4- T4 
RI- 6414~ 53- 6334— 52+ 6214- 51- 6114- 
6014~ 49- L, C- 38- 39- 40- 


Stay: of the arrows the of 
ne current will show very plainly the formation of the poles 
of the winding. In the five-coil group T4R1 and the three- - 
coil group T8R2, current.flows around in a counter-clockwise 
direction and in the two groups directly to the right, in a clock- 
wise direction. A pole is. thus formed in the center.of each 
combination and, as the direction of the current is opposite in 
each succeeding group the poles alternate in polarity, as they, 
of course, must... The. centers of the poles are at slots 42, 
58,74, 90.and 106. The idea of the winding is then to form . 

a pole by taking a five-coil group, and. combining it with the 
next three-coil group to the right. This checks up, since there 
are 8 divisions or 6.times 8 or 48 sections for the two phases, 
or.1 section per pole per phase for the 24-pole combination, © 

_», What.has been said of phase Bin diagrams 17 and 18 is 
equally true of phase A. . If in diagram 17 we assume the in- 


; 
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Stantaneous’ directionof the current to be flowing down on 
lead’ 1’ and up on lead 1, we again find the same two parallel 
circuits ‘from ‘to’ 1 as we found for phase 2, namely, :1’, 
terminal ‘3,'3’, section 3, ring 1, around ring: 1, section 1, 1’, 
terminal'1,e,to 1 and°1’, — section 
section 6, 5’, terminal 6; 

In diagram 19° is given) 
in phase B, the three-coil group:of:a section was to the left 
of the®five-coil group of the same*section, in phase it will 
be seen that the three-coil group lies to the right of the five- 
coil group of the same section: Also, that two five-coil groups, 
one from*each phase lie together, and similarly two three-coil 
groups, one from’ each phase. The arrows: representing the 
instantaneous direction of the current for the slot conductors \ 
B near the-bottom.: 

The complete: section cininite for liane A are given 


T3R1 +, T3- 105- 116 106- 117 11834- 
1071%4- 96- 10614- 95— 94— 

93- 1038 %4— 92- Ri. 
41- 5814— 48- ve 


128 198541 4 122— 1212 
80- 91%4- Ts. 


00+ 
: 
115- 
= 40-— 
yw of 
poles 
three- 
kwise 
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each 
site in 
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» The centers of the poles of phase A are at slots 50,/66;:82 
and:98, If phase A leads phase B, rotation is from: right to 
left. If phase B leads phase A, the rotation is from Jeft, to 
right. If current flows in both phases of equal magnitude, as 
would be the case if phase A led phase B and phase Bi were-at 
the 45 degree position, in the direction’ the arrows show,’ the 
centers of the poles are then at slots 46, 62, 78 and,.94.:;\In 
the region of these slots, from, say, 92 through 96 or' five:slots, 
of ‘the poles. 

‘Tt will be that in) 1, 1 is common to 
both phases, joining together sections 6 and 4 of phase B and 


also sections: 3:of phase A. The:ting in potential, 


equidistant from each end» of ‘the sections and joins-points: of 

no: difference of potential, so that it»does not upset the equi- 
librium of the current distribution. In fact; one ‘ring might 
have been sufficient and the second was probably provided to 
afford greater current-carrying capacity. 

What must be done in order to rearrange the winding for 
36 poles is evident, from diagram | 19. If the two adjacent 
three-coil groups can be combined to form the winding for 
one pole of one phase and then the next five-coil group in 
either direction taken for the poles of the other phase and so 
on, the result will be obtained. To work this out and keep 
the instantaneous direction of currents ‘in their:proper re- 
lation so.as to form’ the poles properly, will require some re- 
connection of the groups as regards the phases and the instan- 
taneous direction of their currents. A groyp may be handled 
in one of four ways, First, it may be left in the same phase 
and the instantaneous direction of its current left as before 
(Bb. +). Second, it may be left in the same phase, -but the 
instantaneous direction of its current reversed (Bb —). Third, 
it may be transferred to:the other phase, but the instantaneous 
direction of its current left the same (Ba “P), Fourth, it may 
be transferred to the other phase and also have the instan- 
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taneous direction of its current reversed. (Ab The mark- 
ings Bb-+, Ab—, ‘etc., indicate exactly where each ¢oil. is 
found in either pole combination and what changes are made 
in the instantaneous direction of its current. The rule,for 
deriving the marking is simple. The coils. which in| the 24- 
pole combination are in phase A are marked with a capital A 
and the-same for phase B. Thus in diagram 18 the markings 
for all the groups shown, start with B,as phase: A is:hot shown. 
To the capital letter is added a: small-a or b;'to:show in which 
phase the group is! found: in the 36-pole.combination; .A’ group 
marked Bb, is found in phase B for both pole combinations: 
Another marked Ad, is included in phase A in the 24-pole com- 
bination, but for the 36-pole arrangement must be in phase B. 


When, in going from one pole combination to the other, the. 


instantaneous direction ' ‘of the current is léft the samé, a ++ 
sign is added to the marking, but if the direction is' reversed, 


_a — sign isadded:> Thus'the marking Ba indicates the sec- 
tion is-in phase B for 24 poles, in phase A for 86.poles.and in 


going from one combination to the the. inatarttaneous 
direction of the current is reversed. 

in diagram 19; follow this The two three-coil 
groapes: T4R1 T8R1, together taken to form a pole 
of phase’A in the: 36-pole combination. The: instantaneous 


. direction of the:current is left the same in ‘transferring, ‘but 


while T3R1 was in phase A inthe 24-pole combination, T4R1 
was in phase B, so that the latter must be‘transferred to phase 
A in 'the’36-pole arrangement. Groups: T4R1:and T3R1 are 
then marked Ba + and respectively... To'the left of 
T4R1 we have group T2R2° This:in the 36-pole: combination 
must bein phase Band the instantaneous direction of its cur- 


- rent left the same. As it was in phase B in the 24-pole:com- 


bination, it is marked Bb:-++. Group T3R41, which forms: the 
next pole of phase A, has already: been The two 
three-coil: groups, T2R2:and T5R2 together must be in. phase 
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to be'changed, they are marked Bb-++ and Ab +-, giving:a sec- 
ond check'on ‘T2R2. Group T6R1 is, inthe 36-pole combina- 
tion, 'to‘appear’in phase A and its current must be reversed: 
Accordingly it is marked Ba—. This’ can be con 
tinued through the rest of the winding. 

In diagram 20 are shown how the: are: in 
the reasoning just presented. The switches 
are now thrown down and the currents in sections 2’ and 3 
ate ‘the same as in diagram ‘17: Two parallel ‘circuits: from 


8, end 8/(Bb—), section 8 ion z,end 7’ (Ab—), 


_ The two circuits from lead to phase A, are, 


(A@-+),: ‘4, end 4/ (Ba+); 


Lead ; é, lead 


on6, end 6 
All lof the sedéions of are joined: 1. and all 
ofthe: sections: of phase B, by ring 2.: The two phases are 
thus not: connected anywhere, after leaving the ‘alternator, in 
the 86-pole combination. Comparing diagrams 17 and 20. will 
further show the use of the markings. Section 2 (Bb-+) . 
and 8 (Aa-+). are left-the same in-both diagrams. Section 
1 (Aa): and 8:(Bb'—),-in going! from 24 to 86 poles are 
left in the same’ phases’ respectively, but the instantaneous 
direction of their currents are changed. «In diagram 17, eur- 
rent flows from ring to end and diagram from, end to 
ring. Sections and transferred, each 
the other phase, ‘The instantaneous: direction of their cur- 
rents is: left the same. The same applies to sections 7 (Ab-—) 
and 6 (Ba++), except»that the instantaneous: directions, of 
their: is: reversed in going from® one: ‘arrangement: to 
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now to diagrany21, we have the complete winding 
for phase B arranged for 36 poles. All that has been said from 
where we to investigate what wotlld‘tiave to-be“done 


have been followed" “The 
the different "Sections, aré below : 
T2R2 Bb + T2- Be 36- 
T2-97= 10814='98 109%4-99 
i 86— R2. 


Vo 


R2. 


— 48- 47- 46- 
45— 44- 57- 6844-8 
42034- 109- 919 
122- 188 T7. 
The centefs of the poles are located-at slots 54, 62, 73, 88, 
94, 105, etc. A fact that may be oticed is that one-third of | 
the pole’ windings have 6 coils while the others have only 5. 
It should be remembered in this connection, that the flux paths 
of the!poles are in multiple: flux emanating or 


at each pole: will be the same. 
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In diagram ‘22. is ‘given the! complete winding’ arranged for 
36 poles, complete paths for phase as given be- 
low 


T3R1 Aa+ T3- 41- 524%4- 42— 53 43— Uc 
424%4- 31- 41 3 30— 29- 
391%4-28-R1. 
T3— 105— 116%4- 106- 117¥4- 107— 118%4- 
A> 96+ -106%4— 954" 


Ba+ 64%4— 53- 52- 51-61 
T4. 
128Y%4- 117- 12614— 115- 
1241%4- 113- L’ C- 102— 118 
103- 114 104- 115 TA. 


centers ofthe poles by the 
A: at their:maximum yalue: and: phase) B: at zero current,.are 
located at: slots ‘57, 89, 99, 110, ete... Should’ the cur- 
rents be of equal magnitude both: phases: and the diréction 
of theit.instantarieous currents ‘as indicated by the) arrows, the 
centers of: the: poles will be slots 43:and 44, 54, 64.and:65; 75 
and 76,)86,96. arid 97; 10% and 108; 118, etc.; The phase 
currents: in ‘slots 86,118, etc., for: the instant chosen:are 


actually flowing: in ‘opposite itr alb: Slots 
are in the on 


HID 


q 
| 
if 
i 
3 
i 
if 
i 
it 
i 
| 
‘ 


476 PROPULSION WIRING CIRCUITS, U., S. 


meters. 
__b. Motor meters, 
Stability indicator. 
d. Under-current relay. 
e. Temperature indicator. . 
Balance relay. 


a.—The ‘wiring for the one is given 
in diagram 23, the power cables between: the generator dis- 
connecting switch and the motor reversing switch being shown 
on the-left. In one cable of each phase, a current transformer 
with a ratio of 600 to 1 is inserted to furnish the current for 
the ammeter and the current coils of the two si moiwe _ 
wattmeter. 

A, current instrument has an ‘iron core, a ‘or 
mary and a secondary winding, insulated from each other. 
The primary, winding consists of one or more turns and is con- 
nected in series. with the main leads, and its. secondary, consist- 
ing of many turns, is connected to the meters to measure the 
current, etc. The use of current transformers is standard 
practice in alternating current installations, whenever the po- 
tential of the system is over about 500 volts. This is-done to 
protect the operators by keeping, high. voltages from the in- 
struments. 

The secondary winding in all current i is rated 
at 5 ampéres and the primary winding made to suit the cur- 
rents to be measured. This gives the ratio of the transformer, 
which; when given.as 600 to 1, means that the rated primary 
current is 600 times 5 or 3,000 ampéres. The ratio of a cur- 
rent transformer can be made quite accurate and remains fairly 
constant for ‘wide current variations. ‘The ammeter’ really 
measures the current in the secondary but’ as. we have a fixed 
_ ratio between the line or primary current and the secondary 
- current, the meter is calibrated directly in terms of the line 
current. 
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_A potential transformer also has an iron core, a primary 


and a secondary winding, all insulated from each other. The 
number of turns in the two windings are in proportion to the 


voltages involved; the customary secondary voltage being 110. 


A potential transformer whose ratio is 40 to 1, -has.therefore 
a rated primary voltage of 4,400," ‘ThE primary “Witiding is 


put ‘across the lines Ose vi is to be measured and a 
voltmeter! cap meter capable jof ding? to 150. wolts,: connected to its 
seco the ratio of the: primary.or li ‘line Voltage to 


the secondary ‘vOltage is meter in 
terms e. 

Reference to diagram 23 os ishow the leads from the biked 
ends of the two current transformers passing through the two 
current coils of the:two-phase indicating wattmeter, Ww; to the 
points, 1’ e ammeteér-switch wattmeter 
really-consists obtwo. single-phase -elemeiit3’ acting: on a single 
pointer, thus reading the combined power of: ‘both 'phases. 


tial coisa, 


the diagram,.it will be seen that the current from the trans- 
former: in phase 1 (right hand transformer), after passing 
through the. er W, flows from 1, through the switch 
to 2,through peter GA back tothe transformer 
the cortimon connéc nC. The currérit from the other trans-- 
former (phase 2 2) after passing through the wattmeter, flows 
from’ through the switch to 4’ and then back tothe trans- 
former along. ‘the common cc cotiductor TE follows that with 
the switch thrown ‘as,shown, the ammeter. GA reads the cur- 
rent in, phase only,. If itvis.desired to. read the current in 
phasé 2, the switch: must. be thrownas’ ‘shown in: ‘b- (lower right). 
Following this thfdtgh ‘will ‘the’ r_GA connected 


xp? 


in phase 2. The ‘aitimeter Switch AS With'a ‘spring so 


that it will not remain in any position but what will make con- — 
tact so as to put the ammeter into either phase 1 or 2. In 
other words, the switch cannot be left with either or both 
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secondary circuits open: | This is done so that the wattmeter 
will always read the total generator power and’ therefore’ not 
mislead the officer ‘on’ watch and also not leave the’ current 
transformers with their secondaries open cireuited. 
condition is apt to be dangerous. 

connection is’also made from the common to 
the“ ground bus” G, which isa separate bus on the back of 
the main board and which is in turn connected to the’ metal 
of the ship. This 'prevents any high voltage from building up 
between the metal parts of the ship (ground) » and the meter 
covers, étc. The tetminals shown in the lines from the trars- 
formers, are for the. ptirpose of inserting portable ammeters, 
ete., for calibration or measurement of the currents flowing. 

Two potential transformers are connected with their pri- 

maries across each phase. The secondaries are tied together, 
the common connection being also connected to the ground — 
bus G. The three leads are carried to the wattmeter; where 
they are connected to the proper potential coils through ex- 
ternal resistahces R: The three’ potential leads are tiext carried 
to the voltmeter switch VS, which is in two parts, ‘operated, 
however, together by a single handle. In the diagram the two 
blocks of each part, joined’ together horizontally; are’ ‘shown 
making contact across terminals 1 and°8, and’s and 7.’ If 
the switch is thrown, ¢ontact is made: from * 
and from terminal’6to 8.) 

Study of the switch will show that the ewer 
opens’ the common lead’ from the tratisformers and! the upper 
portion ‘selects which transformer the voltmeter is to bé con- 
nected ‘across. As’ shown, the switch has connected the’ volt- 
meter across the transformer in’ phase’2. If the voltage of 
phase’ 1’ were’ desired, the switch would be thrown to’ make 
contact’ actoss terminals 2 atid 4 and across 6 ‘and 8. “It will 
be’ noted that the’ switch breaks the. circuit to ‘the voltmeter in 
four places: ‘This switch may be left open without any idan- 
ger!” ‘Terminals for’ ‘connecting’ portable voltmeters cali- 
bration purposes are also shown in the leads from’ the’ trans- 
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formers. All, such. calibration, terminals. are, conveniently 
located on a testing board placed, behind the main, switchboard. 
Speed indicator, S./1.,,is. also. shown... This,is what; is 
usually ;called, a’ frequency. meter, which. as its name. implies 
is used to indicate the frequency. of. the, supply voltage, ',..As 
the frequency of any power, supply is fixed by the, speed of 
the alternator, the frequency meter may be calibrated,in terms 
of. the, alternator ,speed..... Additional. scales were also..added 
to the meters installed, to. for. hath 
24.and, 36 pole. combinations, et 
_ The instrument,.as.will, be seen in 23, i is 
as a, voltmeter across phase: 2 and briefly its current enters a 
_ resistance reactance ‘box L...,..Here. it .divides,.. part . passing 
through’ a non-inductive. resistance .(in the box) to. one, meter 
terminal, through one of the two coils.of the instrument toa 
common. point and back to’ the potential,.transformer. -. The 
other part of; the current. passes through an, inductance (in 
the box), through the second coil of, the meter and then, unites 
with the first part, of the current... The strength of the current 
through, the. non-inductive resistance is, independent of,; fre- 
quency, but. that, through the, inductance, varying inversely 
with the. frequency, causes the pointer to change its. position 
as the frequency is varied. It. has, however, no,springs to its 
moving element and its) pointer simply floats.;. When voltage 
is applied it moves to the proper indication; but when, voltage 
‘is, removed. its.reading means nothing. either, alternator is 
disconnected at, its. disconnecting .switch, all,the generator 
meters; for that machine are.dead and naturally, not having 
any voltage, the indication jof the speed indicator isnot only 
meaningless. but proves misleading in a moment of haste, It 
frequently occurs, that one alternator is turning over at low 
speed| as a standby and. it is essential, since the alternators are 
in separate compartments, that the officer of the watch, know 
its speed while idling. , It proved. necessary to:have some posi- 
tive means of indicating their. speeds,, whether the alternators 
were; connected or not. Subsequent to the original, installa- 
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on, magnetos wereronnected to which oper- 
o iain, calibrated to speed, on the main boards. The 
voltage of a magneto (which has permanent magnets for 
poles) varies directly. with: speed, Toei a uniform scale on 
the indicating instruments. ‘These satis- 
factory. tr: 

In part c of diagram 23 is sche the stistomary method of 
connecting D.C. ammeters: and external 

b. The Moto? Meters:—In diagram a4 the power | cables 
between the motor reversing switch! and the motor discon- 
eee switches are shown, the Gidea being given in out- 


from. ‘the. pole. switch to motor, 
is located a current transformer of ratio 160 to 1 (800 to 5 ~ 
amperes). .,.This ratio is in keeping with that of the; trans- 
formers of diagram 23 (600 to 1), as the | latter “are used to 


measure the entire current o of one phase, about half of} which 
passes to eac “of the.two- motors supplied. The load ion the 
two motofs ig, not the same, as the two inboard motots take 
a little more p aia than the tw o outboard ones. The ¢urrent 


measured-by in diagram 24-is-one-half of the 
phase currerit. to each, Delo 

Current ‘fro the righthand cufrent transformer flows 
through the current coils “oh, the watthour meter MW, the 
ammeter MA and one coil. of the sindér-curtent relay\U (to 
be discussed in part d). Oie'side of, ‘the ‘transformers carried 
to the ground bus G and a-sét of calibrating terminals put in 
on the other § side. The current frofit the transformer ‘on the 
left hand side of the diagram flows through the corréspond- 
ing devices and also through the current coil of the stability 

indicator. St» Ligto, be di scusse [in p part 
Potential” two watthour“teters is obtained from a 
i “ponbected, across: phase’ 2 
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placed between the motor reversing and pole changing switches. 
The potential coils of the two watthour, mantens are — 
in parallel across its; secondarys:)) 

The. Stability, Indicator.In- to- “thie 
article, reference: was made to the fact that the voltage im- 
pressed on the motors had to be adjusted so as to make the 
motors operate at a good power factor... :The characteristics 
of induction motots are’ such that, for a given voltage and 
frequency, as the torque of the load is increased, a condition 
is reached when ‘thé torque exerted by the motots no longer 
iticreases and the motors “ piill “out,” “ stall” or’ fall out of 
step.” In other words, if the work that the motors are doing 
is continually increasing, a point is reached when the turning 
effort of the motors does not in¢rease’ any further. The 
motors’ not being equal to their work, simply slow down and 
their speed falls toa low value, at the’ same time dtawing a 
very heavy current from their supply. : 

‘It is also a characteristic of the’ induction 260OP that’ the 
maximum torque which it can develop (which is of course the 
pull out point) varies as‘the square of the voltage impressed 
on it. That is, if the voltage’ impressed on a motor is doubled, 
the maximum torque that it can exert without falling out of 
step will be increased four times. ‘It would then appear to be 
advisable to operate with’a high voltage at all ‘thes, were it 
not for another ‘consideration. 

For a given load, at a constant frequency, on an induction 
motor, it is found that the power factor at which the motor 
operates varies considerably with | ‘voltage variation. Power 
factor may be defined in two ways. “We may call it a number, 
equal to or less than one, by which the product of volts and 


As the watts can never be ‘greater ‘than the product of von 
and ‘ampétes, the number may also be expressed | in per ‘cent, 
the maximum possible value then being 100 per cent. “Or we 
may define ‘power factor as the’ cosine oF the angle’ between 
the voltage the current. 
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-/To ‘illustrate ‘from: ties first definition, “suppose: a ‘motor is 
operating at 0:8 power’ factor, taking 150 ampétes at’ 1,000 
volts. The power taken by the motor is then 1,000 150 x 

0.8' = 120,000 watts, or 120 kilowatts." Another motor taking 
the same power ata factor of 0.6 and 1 would 
OT nbs ied of iad e1otem hs 

ampéres. 


From this it that for. a given ‘amount of, power. at a 
certain voltage, the lower, the. the 
current, 

At would be found, we impressed a voltage. much, higher 


motor, ‘operating at, a ‘constant load, and. frequency, that its 
power, factor would be very low, probably below 0.5... If we 
_ were now to gradually lower, the voltage, the current taken 
would decrease and its power factor would increase. This, 
as we ‘continued to -decrease. the, voltage, would go. on. until a 

maximum power factor would be reached and on further de- 
crease of voltage the current would start. to increase and ; the 
power factor, to, decrease. We, would, however, be able to 
decrease, the voltage only. a little beyond. the. value that gave 
maximum. power factor, before, the motor. would, stall. _In 
other words, an induction motor, operating , with, a fixed, load 
at the maximum power factor it is capable of, by voltage ag just- 
ment, is yery near its pull out point. 

, Consideration then of motor, operation. sees the standpoint 
of power. factor would indicate the advisability of running at 
maximum power factor. The amount of heat produced by. the 
current. in the motor and generator. windings varies as_ the 
square of the, current, double current. giving . four, times, the 
heating, etc.. The lower the power, factor of the motors, 
therefore, the greater the amount of heating developed i in the 
motors | and. alternators, This i in itself lowers economy and 
besides, the » blowers, circulating air through the machines, must 


q 
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be speeded ‘up as the amount of heating‘ in’ the machines in- 
creases! At high ‘loads’ the: matter of ‘heating’ becomes’ an 
operating ‘problem; ‘tequiring | ‘cateful attention’ to 
to prevent excessive rise of temperature in the windings: ~ 
Evidently a compromise must’ be made between the limits of 
high voltage; giving high’ pull out point and ‘low power factor 
on one hand and ‘low voltage, giving a low pull’ out ' point and 
high’ power factor on the other.’ Incidentally the higher the 
voltage, the greater the excitation necessary in the generators 
and hence the greater the amount’ of heat produced in’ the 
fiélds'of the ‘generators and the armatures of the exciters. 
Considering conditions on the New Mexico, it is advisable 
that operation be efficient from the standpoint of fuel:economy. 
At the ‘same time, if the ship were ‘in column, the possibility 
of the motors dropping’ out’ would ‘be serious matter.’ - In 
order,’then, that the officer of the watch may tell at a’ glance 
that ‘he has the proper voltage’ o on ‘the: the: 
indicator was ‘installed. 
meter ‘consists of: ‘two’ instruments,’ an 
ammeter and a voltmeter with the moving element of each 
acting ‘on ‘a‘single vertical shaft to’which a single pointer is 
attached: The two ‘parts of the instrument connectéd 
that'the ammeter element tends:to move the pointer to the 
right'and the voltmeter element’ to the ‘left. In general if the 
needle is'on the left hand side‘of the scale 'the-voltage is high, 
but‘if it moves to the right the current is becoming relatively 
larger, indicating that the pull out point is being approached. 
The:scale is calibrated in even divisions from zero ‘to ten’and 
the! danger mark is about four on the: scale.” ‘The meter jis; 


however, not avery close indicator of power factor, for'if the 


poifiter is’ well over the: left, the’ factor: be 

The: parallel: combination of: and inductance placed 
in: series with the potential coil; makes the proper correction 
on ‘the’ take’ care: of in 
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d. The Under-Current, Relay.—lt.has been. stated no 
switches involving the alternating current to the motors. were 
thrown unless the generator field circuits, were opened. There 
is, however, a small time lag between the instant the, field of 
the generator. is,opened and. the time that the alternating cur- 
rent, flowing from the..generators to the motors, dies out. 
In. reversing, if the officer of the. watch were to operate the 
reversing or pole changing switches (backing is done only on 
36 poles), immediately on opening the field switches, he would 
be rupturing large ;currents across the former. To allow these 
switches to be operated only when the current has dropped to 
a value which an wy: ‘the: 
has been added, . 

It. consists: of coils; as can in 
diagram, 24, in the ammeter circuits of the two motors, both 
coils energizing a single plunger together. The plunger in 
lifting, bridges two contacts which close a secondary circuit. 
This secondary circuit, which will be taken up in detail in 
part 3, closes a set of interlocks on the motor reversing and 
pole changing switches, so that these cannot be operated until 
the plunger of the delay has dropped. A blue lamp lights up 
when the. relay, ‘closes to-indicate its operation to’ the officer 
of the watch. The relay closes as soon.as current is put) on 
to' start up the motors and is adjusted so'as to open when the 
current: in. the secondaries of both. current) transformers has 
dropped to 0.75 ampéres,.. Since the ratio of the current trans- 
formers is 160 to 1, this means that the current to each motor 
must fall to.120 ampéres before the relay opens. ./The re- 
yersing and pole changing switches can thus be opened when 
240 ampéres are flowing through them: Should one’ of the’ 
motors on a side be disconnected at its disconnecting switch, 
one of the relay coils will be dead and the relay will: open 
when the current in the secondary of the current transformer 
of the live motor has dropped'to 1.5 ampéres, or the actual 

current, through the reversing and pole changing switches to 
* 240 ampéres, the same as when both motors are in operation: 
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In, operation, as_ soon, as) the, signal to back has. been re- 
ceived, from the bridge, the officer of the watch slows down 
the turbines by rapidly moving up the speed control levers and 
then rapidly pushes up the field levers, opening the generator 
fields... ‘He then waits for the current to. die down to: the safe 


‘limit, this fact being indicated by the blue lights of the under- 


current relay going out. soon.as,this’happens he operates 
the reversing and pole changing levers-as:necessary. 

The delay..ceasioned by the under-current-relay is not a 
seridus-one-as it has been found that backing the ship can “he 
donesin about-20 seconds from|thé time the, signal is receiyed 
untit-the motors start to go astern. About) 8 seconds of this 
In case of great necessity an emergency ‘pall button, 
ed on the-casing”of the under-current™ relay, may be-used to 
open the relay contacts and so release the interlocks on the 
reversing and pole changing switches without waiting for the’ 
relay to function. 

e. Temperature Indicator:—In~the copéfation of electrical 
machinery it is very importaiit’ that ‘thé teftipéeratures of the 
different=parts-of the~machines: do not exceed certaim safe 
limits” Some. of thesé parts, like’ the bearings, are accessible, 
but to obtain the temperature « of the: windings. which are-im- 
bedded in-the iron core is more- difficult. Accordingly when 
the generators were built, copper” resistors: were-placed. in the 
slots of the stators inclose:contact ‘with the insulation of the 
winding: The temperature of a resistor’ becomes the same as 
that of the winding where it is placéd and it-is-the temperature 
of the resistor that we the. re- 
‘sistance. 

In diagram 25 18 shown a of thi! 
indicator and its circuits. The instrument is a galvanometer 
having permanent magnets, the same as d.c. meters. . Its mov- 
‘ing. element consists of two separate coils, connected; different- 
ially, that is, the lower coil in diagram 25 causes the needle 
to move. to, the. while the upper coil to. throw. it 
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to'the left: Excitation is obtained from operating ‘bus on 
the main ‘switchboard ‘and we pass from the positive bus to 
terminal 1 of'the meter. ‘The current here’ divides, part ‘flow- 
ing through upper coil, out at terminal °2, ‘dlong: lead’ A, 


IBS TI 


2 


Dagram, 26. 
Inaicater Circuits, 


Switch 


Temp. Indicator = 


Resistances 
Terminet Board on Alternator. 


aeutd to the’ point 4 and "back to the neutral si the operating 
bus‘ along lead°B. The other portion of the current passes. 
through the lower coil of the meter, through a small resistance 
R2” (whose resistance is” independent of temperature), out at 
termitial 3, along’ lead’C; to terminal 4 and ‘back along’lead B. 
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~The operation of the instrument ‘can readily be understood. 
The strength of the current im the lower coil, R2, and lead C 
is independent’ of the temperature, while the ‘current in’ the 
other path (along lead’ A) depends on the resistance of the 
temperature ‘coil’ in the machine.! If the temperature of the 
latter’ rises, its resistarice also’ increases and the current along 
path’A deereases!' The current’ in path remaining ‘the same, 
the lower exerts ‘a relatively’ greater torque than ‘the: upper 
coil and the needle moves to the ‘right, indicating a higher 
temperature.” For some value of’ temperature of the tempera- 
ture coil and therefore of its resistance; the’ current in’ path A 
will equal’ ‘that in path C and there will be no net torque exerted 
on the ‘pointer of the instrument by the two differential coils. 
Springs are adjusted to the moving element making’ the needle 
is’ taken’ off the system. 

The self-opening, pull anton test RI 
ate connected’ across lines A-and Cin parallel with the tem- 
perature coil. If the test switch is ‘closed, additional current 
will flow through the upper coil to point 6; through the switch 
and ’R1'to point 5 and then back via point'4 along lead B. ‘Thus 
closing the switch causes the'current flowing through the upper 
coil to be increased by whatever’ flows through R1 ‘and’ the 
will move to the left, ifthe system is in working order. 

The protective device shown, consists of a number‘ of ‘disks 
of ‘insulating material: ‘supported ‘by spring clips and placed 
across the temperature coils’ at the terminal board of the gen- 
efator!' Between each’ set of disks’ there is a connection‘made 
to-the grotind” (frame of the machine in this case). “Should 
there ‘be ‘any excessive voltage’ impressed onthe temperature 
indicator circuit due ‘to breaking down of the” insulation ‘of 
the ‘machine windings, this high voltage will puneture the in- 
sulating disks and discharge to ground; thus’ protecting the 
operators!” (The ‘variable resistance’ shown to the leftrof the 
indicator i is: tek the sag wg ‘in- 
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strument, forthe) voltage on which, it.is to be nce 
adjusted it should not require any change.) . 

» In diagram 26 is given the complete. wiring 
ture: indicator. system as installed, ‘corresponding points. of 
diagram 25 being similarly marked, As there are three sets 
. of temperature. coils. imbedded, in. the generator armature, the 
same instrument is made: to serve all of them through the use 
of a portable plug switch’. The plug. has three. rods -which, 
when inserted into.a vertical row of jacks, makes a.connection 
across the two sleeves of each: 
by the two concentric circles.’ 

It.will, be seen. that the: lead Bi is all, the 
through, to the temperature coil, to which it is connécted at 
the point It.might be suggested’ that it could, be tapped 
imat/point 5, dispensing with one-third of the jacks, etc... Were’ 
this done, inaccuracies, caused by change. in. resistance, of the 
leads A and. C, due, to temperature variations, would enter. 
With all three leads..carried through, net happen, as 
all three are iat the same-temperature. . 

The protective device of diagram 25 i is in 
26, The voltage switch in diagram 26 is for the purpose af 
removing potential from the system when not inuse. 

“On the New Mexico, temperature coils were. built into the 
generators only... In. installations be’ 
the motors,aswell. 

The Balance Relay. afford short 
circuits and grounds in the generator windings or the cables, 
a balance relay is placed in each generator circuit. Its me- 
chanical construction is outlined.in diagram 28 and its. elec- 
trical- circuits are shown,in diagram 27. It consists, of six 
units, electrically separate, but, mechanically interconnected. 
Each: unit .consists..of plunger which..moves vertically, a 
coil and: a, dashpot; the coil. when energized tending to pull the 
plunger down. Each plunger-when down,.closes a set.of.con- 


tacts which in turn open the main field-switches.., This feature 
will be taken up in 3B. 


7 
‘ 
it 
4 
q 
‘ 
| 
= 


Relay. 


ef 


=, 


i. 


1 


¢ 


A 


Te Motor Reversing SwitcH + 


olf: 


ELE 


Balanec Relay 


‘| 8 3 4 
at alt Beord 1. 
re me — ald 
nerator Dis connecting: Switch . 
| act 
“Ph. 
Fratet 
A 


492 PROPULSION WIRING, CIRCUITS, U. S. NEW MEXICO. 
i> 


Four units, A, B, C and, D, will, on reference to diagram 27 
be seen to have their coils energized from clirrent transformers 
placed in the winding ¢ Connections between the generator and 
the generator disconnecting switch, .. The other two coils, E 
and F, are energized from current trazisformers placed i in the 
phases between the-genefator disconnecting switch and the 
motor reversing switeh:—-We will call the coils.A, B, C and D, 
the “ winding) foils pnd the others, E and the phase” 
coils. 

Referring now to diagram § 28, _the mechanical interconnec- 
tion will be seen to_consist of a series of “walking beam” 
links, The. ‘mechanism is held by, five attached to 


i 


the upper «and: The ‘move 
down through guides in the frames and the: vertical links are 
free to move as will, there being no rigid pia 


the. upper. frame. coils and dashpots 
not showm) are attached on nthe under side of the lower f 

Tn general if the°currents in-alf: the. coils 
pull on allt ¢ plungers is: ‘the same and “due tothe system of 
links;no one ‘plunger can move down. “But if unbalane 
by current flowing through: a-short~ 
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ground anywhere in the system, one or more of the coils exert 
a greater pull on their plungers and cause them to close their 
auxiliary circuits, trippirig out the main field switches.* 

The dashpots are necessary to’ prevent chattering of the 
balance relay when low frequency ‘currents are being used. 
The whole device is made inoperative by opening a snap switch 
in the auxiliary contact cireuit to’ me tripping. coil of ae ‘field 


‘THE Ge WIRING. 


A ‘the of the booster Voltage. 
-B. The control for operating the main field ‘Switches, 
C, The electrical interlocks, 


The Control the Voltage is accom- 
plished by means of the booster field rheostat. In part 1D, 
mention was made of the fact. that. the constant voltage of 
the-exciters (240 volts) had to be varied i in order to supply 
a variable field current to the generators. The fields of the 
latter being connected to the exciters through the armature of 
a booster, variation of. the voltage applied to the fields of the 
generators is then accomplished by chucking or boosting: with 


+The statement that all plangets ar ed with 
for the high voltage” connection of ar pled de ade so putting 1.41 
times as:many turns on the “ ” coils as are on the * winding” coils, 
we have current of 900 X 1.41 ampiret-in ac 
of the generator, its mnected in mesh for “high: ‘voltage. 
The t’ transformers to the ining” coils are connected have a ratio 
of 300 to 1, while those to which the are: connected have a ratio of 600 
The pull on tbe? plunges wil then be Yo 900% = 
1.41, “he “phase” coils Having. 1.418 turns as the “winding” colls, their 
pull will be" proportionat to x 1.41 = 1.41. 
For-the low voltage connection o generators, in which the generator windings 
of 600, ampéres in the line, the current pe 
wit Of the generators will be 200 amperes aad the pull exerted the “winding” 
tional to 1.41 as before. It is for this reagon the stop x, mentioned before is 
as shown in diagram 98. Eviden sty ‘without, the” plungers Band 
F greater than that on A, B, C os sceaatie close its auxiliary 
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the booster. In diagram 1 was given the circuits of the gen- 
erator fields and in diagram the operation of the boosters 
was shown. 

In diagram 31 is given in fore the 
times called the potentiometer method), used in — ‘and 
reversing the booster field currefit™ The heavy zi lines 
reptesent the Fésistance) in the booster field Theoptat ape 
is permanently, placed dit lireet actoss: the ppasitiye andine ve 
operating bugses)/ \th t 240 volts the ‘re- 


sistance, number .of uttons, e, f kL, are 
connected i the nce, there being ‘one“above one 
below. connected to the same point in the resistance. N con- 
sider boostersfield - -as being confiected"to/ the movable con- 
tacts d.and d’.which may make contact, d..with®any of the 
with ‘any In diagram 

31a, we) show erid dof ‘the | d making contact with button b 
nid d? with buitton b’.~ The field is thus in parallet-with 
istance and lias ‘impressed on it 240\volts. 
booster ifield, curre : results arid the booster g erates the 
maximum - voltage i it is capable df, about 90 volts.° “The con- 


nections of the “artflature of the booster. with “respect to the . 


exciter citer voltagéy(diagram 1) are however such. that/the booster 


bucks the exciter, woltage and minimum generator.field current 
results. 


Now let the field be connected its d end utton 
e and its d’ end to button j. The:totat current: taker bs 
combined field and resistance will now enter at [point\p, flow 
through the resistance. to gq where it divides, p flowing 
through’ the’'field’ fféni’d to d’” ntiriuing 
through the resistance.gr ¢. At the two"p two parts ‘again unite to 
flow through the resistance t and on to the, negative bus. 


The amount. of current flowing through the field will now 


be less than before (actually, if the resistance be uniform, 


somewhat less than half its value in 31a). This follows if we | 


_ consider that the voltage from p to m is 240 and due to the IR 
_ drop in sections p q and ¢ n, the voltage from g to ¢ must be 
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less than this. The diréction..of. the.Gurrent is the same as 
before. The reductientin .itsifield current: éauses the booster 


and with button |The 


ci -on itself and 


that is, it neither backs nor boosts.| Curr =f however, flow- 
ing the resistance as in 31 

Now,’ as shown in’ diagram “the field tettitihals be 
connected d to g and d’ to I. The case is romeo similar to 


that. of pt 


I diagtant ‘the, field is adit 
the, operating busses, but in such 
again about 90° volts. Conditions are identieal“to ‘those in 


diagram a, except that the direction of the field current is re- 
versed. 
In_dia (lettered and. drawn, to" 
ty ah 
about 56 Steps. Stu of the diagram (324) 
1eostat movab which ‘swit a 
r and” button§,* are” “tiree. sets of 
ivot rharked a, b, d 


of the arm are a set of contacts, each set coninacted Pane 


: 
| 
i 
i, 
iP? DUTTON i 
g polarity ofthe 
@ voltage... The, condi- 
t Ewhat less than half 
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and:spaced so as to!make contact with the s¢gments' and buttons 
beneath: ‘Thecontacts on the tipper end-of the arm are marked: 
on. the Idwer” end)» 14, 35. Below seg~ 
ment a are two buttons (black). Theone adjoining ségment a 
is dead:and performs no-function. next“one’ €covered by 
contact» 1: 32a; ‘but: in “a8! 
“From buttons taps’ lead into’ ant 
buttons, top:and bottom, are “joined ‘together. 
To segment @is connected: the lead! going to: the closing! coil 
circutts of the main field switches and:to button is connected! 
the: lead going to the» trip:coil) which opens: the’ field 
switches. Segment b is connected to! the operating: bus,;! from: 
which the booster field is:excitedi To’segments ‘dtand!d’ the 
booster: field! switch ‘s (mounted small: 
sepatate pariel! over the main operating board) being’ inserted.’ 
Segment’ b’ is connected to the 
torbutton Similarly segnient b is connected to button 
/The:movable arm is operated thtough: bell cranks androds’ 
‘by means ofthe pivoted ‘field lever which moves out:and down’ 
on| the-main operating board... When" the: lever is! pushed: up 
the board, the arm of:the rheostat is ‘as shown in. 32a\and 
when pulled: out and as ‘farias it: will: 
Diagram '82q@ is: the: « field’ opén’? ‘\position, will bei 
shown in part 3 B, the field switches are open, so that ‘the gen+) 
erator: field» current: is zero: “Maximum current is: ‘however 
flowing through’ the: field of the: booster:in such a direction‘as: 
to.givei* full buck,’the condition being that-of diagram 31a. 
This: can-be by: following the: current ‘through in diagram) 
32a... Starting from ‘the positive: terminal the current’ passes: 
torsegment: contact 2, contact! 3, segment throitgh the: 
field in the direction of the arrows to segment d’;\contact:3’) 
cofitact 2’; segnient' b’ to the negative bus. This current flows 
through) both booster fields «soon: as» the: operating: 
bus: is’ energized! ‘from: the ‘exciter board: booster is not: 
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to; be, used, the switch, :opened, although if the booster is: 
running, it may: have its'field fully excited as shown in diagram 
32a, without causing! any:over: heating. |Current 
through: the resistance from 'b to hi tod’. d tas » 

As,soon as the arm is moved far enough over 
tact 1 makes connection with segment @, the field switches auto- 
matically close and the minimum value of generator field cur-' 
rent results,» Full: buck continues as:long as\contact 2: is ‘in 
connection with segment b,.as shown,in diagram Imthis. 
and, in succeeding parts of the diagtam, only such portions of 
the: rheostat connections are indicated as are carrying current. 
The path:and strength of the booster: one ‘current is; 
in: both diagrams: 32a and zi 

»/As\the:arm continues to cover, the: amount ‘of: is 
decreased by the insertion of resistance, allowing the generator 
field:currentito increase, iIn-diagram ‘the field: has: been 
connected. across ‘section q' r the’ resistance exactly as:in 
diagram 81¢ and the condition of half*buck ‘results. The:arm' 
having moved:so far as:to have contact 2 
ton ¢, the:path ofthe current: is now from the positive: bus to! 
segment b, through the’ resistance tog;'to button ¢ (‘covered by 
the:arm),:to:contact 2, ,contact:8, segment:d, through the field: 
to:segmient:d’, contact 3’, eontact 2’, button 7:(covered by arm); 
button g, t, through the resistance to button’ /; segment: b’ to: 

arm:continiies to'move'over)and ‘the booster 'field«current 
comes smaller, reaching: zero when'the atm is in the midway 
position, as shown ‘in diagram: This condition is: exactly 
as inidiagram 31d. |\Noxcurrent flows through the: field as: it 

Further movement: the arm: now: ithe 
field current'from zerovin the réverse direction. diagram 
32e, we-have! the ‘condition ‘of half ‘boost; ‘the scurrent: now’ 
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_ flowing from segment b, through the resistance to q, button e, 
button (covered),-contact,2’, contact 3’, segment d’, through 
the field.to segment d, contact 3, contact 2,-button g, ¢, through 
In diagran n 32f we have the highest possible 
field current of full boost, as'in diagram 
from contact contact 3”, 
the field tosegment d, itact 8, contact 2, button tb’ 
to the negative bus... 
The field lever+m arm, straddles -a-quad- 
rant rovided with Spring returtt-action. Over that 
-of. the quadrant. corresponding to the ‘positions. of the 
arm from full buck t to about no field, _ (running® Values), the 
quadrant has a series-of notches in which\a latching lever, en- 
gages. | For the ‘positions from about’ no field to. full ‘boost, 
which) are are ‘only when pulling | the motorssi 
genera tor-field currents are’ overy. heavy As (these~ex 
currents-are to: be: left’ than necessary, the: 
rant s fo-notches forthe ce cofresponding | 
there comes into pla for these positions, a second 
stout spring), whose: the pperator must overcome “and 
which| tends to’ bring 1 the levercto a position to 
about no booster field-as ‘the lever is released. 
B:_The Control for Operating Me ain Field Switches—As 
noted before, the field Switches a aré-ope and closed -by means 
ofa trip-coil-and-a closing coil) The two field switchies; Being 
mechanically “conftected, operate together: n¢ “Besides 
operating:the field -discharge-switch| as noted-hefore,. ‘tmechan- 
ically and elose three auxilial contacts mounted 
of the excitér board. These acts are q gram 
33 as and s eing glosed byubtidg (as wwe.ishall 
etively. It should: be remettibered 
dosing! coils the are 
alla’ part of the shown separately in 
the diagrams. In diagram 33 only that portion of the booster 
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field: involved ‘is shown! and: only two of:the-six see-) 
part the diagram ds, given, the ‘situation: when the: 
operator is ready; toistart up the: 
exciters being assumed as up) to speed... :/This | position of the: 
booster, field |rheostat-was referred to.before:as the:“‘ no field”: 
position, and it, is obviously; -properly so called,.gs the» field: 
switches are open. There are six: circuits involved, starting 
from points.c,,d, .¢,:fiand: g,.from! the positive:connection 'to 
the; operating bus, The! first circuitsstarting fronvic andcon~ 
tinuing through segment b, contact)2, contact point h to the 
trip: coil, is open-at m. . The:closing: relay cireuit, also starting: 
at open-at The-balance: relay circuit, starting at! d;.is 
open at starting: at is.open atm, 
_and the, closing coil circuit} starting at open at contacts ¢1. 
The' green lamp cireuit, starting at is and 
these lamps (mounted close to the field: lever) are burning; in-) 
dicating tothe operator that the field: switches,are 
o(The field: leverois now) pulled out. by, the operator: and this 
‘att anoves; the rheostat. arm so; that contact! 1;makes contact 
; This,closes the cifcuit through’ 
the closing telay,: current, flowing, from: c;:through segment. 
contact-2, cofitact:1; segment,aj:the winding of the.closing re- 
lay; contact p, bridge’ tothe negative side of the 
operating bus... flows through this circuit; 
the closing -relay:: functions, bridging the: contactsiol: and:c?. 
and-energizing the; closing coil, its,current flowing then from: 
through, the! contacts, ch. and:c2,to-the negative line;! 
This current causes the closing coil: to close the generator field, 
switches against spring tension;,and minimum, generator field 
current results... The field switches in: closing also, operate the 
auxiliary: contacts and in.diagram -33¢) the situation, after the, 
field switches are closéd is. presented;... Contacts) prgiare now: 
open! and contacts wands t.closed;!; Opening: contacts 
opens’ the circuit through ‘the clésinig relay, which, as;soon,as: 
its plunger drops, also opens the circuit through the closing 
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coil: “As: mentioned dn parts the field’ switches” are! held 
closed by a latch. ‘The circuit through: lamps is’ 
_ also broken contacts gare The’ closing’ ‘of 
contacts ,» prepares the'trip ‘coil circuit and also’closes ‘the 
red lamp circuit, «The. fact-thatithese are: burnirig indicates 
to the operator that the'field switches ate closed’ ‘The operator 
now continyes' to! move the»rheostat: arm to ive the: — 
field current to the generator.’ 
If the»operator’ moves’ the rheostat'arm very rapidly over 
contact'@, the: field. switches will not close. This is'due to the 
fact that the closing! relay circuit is broken by contact and 
segment a partimg company ‘before: the switches’ are entirély’ 
closed): The relay drops out-and operis the closing ‘coil circuit. 
However, nothing isgained by haste; \as the field of the booster 
will not’ build: up instantaneously due to its” self-inductance. 
Itvis salsovevident from ‘this ‘that the design ‘of ‘the ‘auxiliary 
contacts must be such that they will not operate before the field’ 
switches‘are fully closed, so'that ‘the latches ‘take hold) 
the! motors are to'be stopped, the operator brings the 
rheostat arm ‘back’‘as' far as ‘it will go; making contact ‘with: 
button'o’) "The trip coil circuit is now’ closed; current flowing 
from through segment 6, 1,0’, the trip 
coil, j, mand n, to’ the negative ‘connection. The trip® coil 
furictions knocks‘ out’ the latch holding the field'switches _ 
closed’ against spring tension. The’ field switches 'in opening,’ 
operate their auxiliary contacts ‘and'we' again have ‘conditions 
asin’ diagram’ 88a, ‘the ‘trip: coiland‘ ted lamp ‘circuits’ being: 
broken /by*the ‘opening of ‘coritacts)m'a andthe! 
citeuit being closed by ‘contacts gi 1) 
using ‘a separate! closing: or is: 
that the “amount ‘of! current:necessary »dperate! the: closing: 
coil is‘ considerable ‘its “handling is better effected by 'a 
relay designed” with special contacts. “The relay and trip coil 
currerits: are small)‘so that ‘they! can ‘readily be Handled atthe 
auxiliary’ contacts. The closirig coil ‘must close the switches: 
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against fairly heavy spring tension while the trip coil need iy 
deliver a sharp blow to the field switch latch. 

The operation of the balance. relay is evident from diagram 
33c. Should balance be destroyed: through a short circuit or 
" other reasons and a plunger.be pulled down, current flows from 
d, across contacts\y1, thi ht! tip coil, j, contacts m n 
to the negatiy éline. [tis of, obvious that the’relay need 
only sanctices when the field switches are closed and contacts 
mnmade, 

C. The. Electrical Interlocks. —The _inteplocks on 
the” generatorartd motor disconnecting switches and the cell 
doors are contra by the field switchés> “Those on the motor 
reversiig°aiid pole changing switched/\are by the 


under-earrent’ relay. wing of ees of 
the port side is diag 


5 


Of the? diseomngcting switch two 

auxiliazy:contacts , one of which is mechanically,.closed by 

the switch in either high or low voltage’ position.” 


gram, if the, switch ¢ G.D.S. is closed 

and cd are closed-by th e bridges, if) 
is thrown t to.the right, ¢ a’ b’ and ¢’ d’ are closed. Con- 
tacts ab cd and?” re in par- 
allel, respectively;-s6 that the result is immaterial which way 


the. positive, bus the con 
from which we: passes 
tion of :the-interl the tw or di 


necting switches Mal. and'the interlockin of the 
port. cell doer: fter assing through circuit 


woe’ 


continues the:point g,\up through contacts |a Leaving 
this circuit for the moment ate, let us trace the ‘ot her | 
circuitfromh c: This i i i 

the generator disconnecting switch G.I.C., to e, so that we 
have between the points cand ¢, one circuit through the auxil-- 
iary contacts of the generator disconnecting switch and: the 
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the port cell door and a second circuit through the interlocking 
coil of the port generator disconnecting switch, which does not 
pass through the auxiliary contacts of the latter. From ¢ the 
combined circuits-lead: through. auxiliary..contacts.s.and of 
the. field switches. to the» negative operating bus: 

With) ‘the generator edisconnecting : ‘switch: -closed,’ bridging 
contacts.ab-and.c d, as-soon asthe field switches. close, all 
four interlocking coils are energized and none of the generator 
or motor: disconnecting: ‘switches can be operated, nor can the 
cell door on the port side be opened..-It should | be- ‘noted-that 
the interlocking coikG.hC. of the port generato: diseotinecting 
switch~only operates when, thé, port field swité closes-as its 
circuit does: not pass th h the auxiliary contacts on ‘the, dis- 


in either closed There. is in a 
mechanical interlock involving both port and- starboard. gen- 


erator disconnecting ‘switches and the bus tie switch, 


only two-of these may be closed:at:any one time; the remaining 
switch bring open. This done “both 


switch. etd 
ation. of the, two interlocking coils ‘ef, the port, motor. discon- 
necting switches and the.port. taps’are ‘taken ‘to! cor- 
responding points on the. starboard side through, a: set of! auxil- 
iary contacts on the bug tle Switch, which operate:together With 
the latter." That is, when: ‘the bus tie switch ‘is"closed or, open, 

the auxiliary contacts AS aré\eloséd or ‘respectively. 
‘Suppose the ‘starboard generator to be shut down and: siiwer 
furnished by:the-pott (generator: The. port getierator“ligcon- 
necting’ switch being closed; atixiliary cOntacts AX ‘aire made 


and,. as the bus tie switch would also be. closed under these 


circumstances, auxiliary contacts. AS are also closed. Now 
when the port. field switches close, all the port. interlocking 
circuits are energized as first described. The auxiliary busses 


interlocking coils of the port motor disconnecting switches and 
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the!same voltage (operating bus voltage)! is: impressed:on 
the interlocking ‘coils:of the port motor disconnecting: switches 
ahd :the:port cell door: | Since the: corresponding, interlocking 
coils.on the starboard side arealso: connected:across the auxil- 
iary' busses:q andr, they, the port:field 
‘switch closes.’ Or the other way around, if: the:starboard gen- 
erator only is furnishing power, as soon)as ‘the starboard. field 
switch: closes, operating: bus) potential appears across auxiliary 
busses q and and therefore coils between 
the ‘pointssf and'igs ont bra viencbnomen) 

(Obviously: this! | must: be: done. one 
‘supplying; power, all fouri:motor disconnecting: switches and 
‘both cell doors -must ‘be locked. If: both: generators are being 
used;:each takesicare of the interlocks on its owmisidé!: 

interlocking» coils on) the ‘reversing: and ‘pole | changitiz 
‘switches’are ‘operated together in similar fashion by: the under- 
‘current ‘relay. soon‘as current! flows to the: motors,) the 
-under-current relay closes the: circuits to! the: interlocking coils 
and lights its blue lamp.» From thepositive tap to:the operat- 
‘ing- bus, current flows across: contactsiuk and u2,:to p):where 

it part flowing through: the lamp to:s-and: theure- 
‘mainder: to» m, through: the ‘interlocking ‘coils: tovn:-where it 
unites with the lamp current the: negative tap . 
The: Steam: Limit: cor reciprocating - 
‘engine ‘ships, when the rudder is:putsover, no difficulty:so far 
as the ‘propulsion. machinery: is:concerned, is:experiented: Al- 
though the engine room may bé'informed of the fact;no further 
attention is paid'to the result of one’engine slowing down and 
the other speeding up. Asis known, when a ship executes a 
turn, say 'to' starboard; the: load is:increased on: the’ starboard 
engine and lessened omthe port side, but inasmuchias no change 
‘is ‘made in the throttle setting; the’ starboard: slows down 
‘due tothe while the engine 
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anvelectridally | propelledoship,| conditions ‘result ‘witich 
must be specially taken cadre We have first:a turbine whose 
steam/supply is: under control ‘of an automatic speed governor. 
‘When! the: speed) of the unit:changes froma giveti:setting, the 
‘governor changes the: steam: supply>until ‘the’ speed back: to 
normaly; It. iscalso-a ‘characteristic of the 
that it operates within per cent or two'of a’ given speed: for 
all ‘conditions of ‘load. Or, put in other words, the speed:of 
‘the propellers is fixed whether they are submerged or entirely 
‘out-of The load) on ‘the generators under such ‘limits, 
varies tremendously and the variation of current takencby the 
ae will be very ‘wide, as the’ motors: will: take power from 
‘the requires. If makes a 
to: starboard;the load on the port:motors is lessened and 
they will take considerably less power fromthe generator. 
“Thestarboard motérs, however, due to their: efforts to operate 
-at'the same speed:as before, are apt to be so:much overloaded 
as to fall:out of step,at the same time drawing hedvily onthe 
generator, |The condition ‘aggravated when ‘both 
_ -erators are in use and when ‘a turn |(say to! statboard) ‘is ‘made 
‘at high speed; the: starboard turbine: will draw ian: excessive 
amount 'of:steam becatsse’ its: goveriior causes greater opening 
theysteam’ admission’ valves in: its: 
of maintaining constant turbine speed: 
The turbine governor is of a type. which indali be! termed 
sadjustable.: It: may be set! fromthe main switchboard \to ‘hold 
the turbine ‘speed: constant at’ any desired -value- from ‘about 
400 If: the operator desires, say,’ 1,500:rip.m. 
onthe generator; he! adjusts ‘the speed lever by -méans 
handwheel.and the governor holds the speed'to: 1,500 turns in- 
dependently of thesload:on the generator. » Now this charac- 
teristic of-steady ‘speed is valuable! one; patticularly in keep- 
‘ing: station in» formation, but as has: been iexplained::above, ‘it 
‘introduces the feature of drawing large \additions! of power in 
making turns; whichomust be eliminated: This»is accomplished 
by the setting from the main control board of the steam limit, 
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which is simply an adjustable stop on the governor, controlled 
by a lever moving over a notched quadrant on the main board. 
When the governor in its efforts to admit more steam, comes 
up against this stop, no more steam can be admitted. The stop 
does not, however, limit the governor from reducing the 
amount of steam. As stated, the'stop’ is adjustable and carries 
with it two electrical contacts. The first of these is closed by 
the governor arm when it is about half. an inch from the stop, 
lighting up a white lamp on the main board. When the gov- 
ernor arm is about one-eighth inch from the stop, the second 
contact is made in addition and both red and white lamps burn. 
Finally; when the governor has moved up as far as the stop 
permits, only the red lamp is burning. Thus, when the ship 
makes a turn, the amount of steam cannot increase so the tur- 
bines and motors slow down as the load increases. When 
the white lamp only burns, which is the position used for 
steady operation, the operator knows that he has ample steam 
margin- for constant speed with the usual small variations of 
load... If both white and red lamps burn, his margin is small 
and should only the red lamp burn he has no margin whatever. 
Ina rough sea the lamps will flicker with the pitching of the 
ship, meaning that speed remains constant as load varies, which 
is way of. saying that racing of does not 
occur.’ 
In the must take care to his 
steam limit setting. Occasions arise where the’ limit: setting 
must be changed during the operation, as in reversing. If 
the ship were going ahead 15 knots and the steam limit set on 
the white: light and. the signal for full speed astern is re- 
ceived, it is necessary to raise the steam: limit: setting in order 
to apply full power: ‘This is done by the operator while wait- 
ing for the under-current relay to open, Under ordinary. con- 
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what ‘might’ be: the War the 
— equipped with impulse type turbines, were built: 

"79-86, 95-102,: 108-112)" 251-260, and 

inetallations ‘of. these vessels are identical, the approved plans 
for group 79-86, with developments and:a' few 
pet been‘ used for all the succeeding groups) 

The main propelling units ofeach destroyer consist 
imptilse type turbines, these turbines, through reduction’ gear- 
ing, driving the two main shafts with their attached propellers. 
The turbine ‘installation, itself, consists of one high pressure, 
one intermediate pressure and one low: pressute turbine’ in 
each engirie room compartment. The high pressure and’ inter- 
mediate pressure turbines‘ are in tandem, being connected by 
a ‘slip coupling; ‘the intermediate beitg connected to the’ so- 
called high pressure pinion by another slip coupling. The low 

_ pressure turbine; located inboard ofthe high and intermediate, 
through a’ slip ‘coupling’ connection,’ drives the 
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When operating at full power, about 27,000. horsepower, 
live steam is admitted to the high pressure turbine steam. chest, 
after expanding. in: the first|stage,.one-sixth of, the, flow 
passes through the high pressure turbine, the remaining five- 
sixths passing to the steam chest of the intermediate: pressure 
turbine. Steam from the high and intermediate.; pressure, tur- 
bines, expands into the low — is 
chatged to the condenser. 
asterm turbines, one fon: shaft, are. ‘fitted. in, asthe 
samecasings, and on the same shaft, as the low: pressure 
ahead turbines and are of, the astern: at 
a speed of twenty knots. 

room; the high.and. intermediate turbines being outboard. in 

each, engine room.and ‘the; low pressure turbines. very. close 
to the center line. The port maini shafting, forward! engine 
room, is 95 feet 4% inches, sare ‘starboard: ‘main is 
67 feet 874 inches in length. iy 
From the above it can be seen. thes shores is 
in the arrangement of the units and that, with the exception of 
- the greater-length of the port line shafting, the port andi star- 
board low pressure. turbines can. as 

under like conditions. 
The. low. pressure, turbines are the 
five. rows of moving blades... Between: rows ate diaphragins, 
in halves,, carrying the nozzles., The,first and second rows are 
of monel, metal and, the, third, fourth and:-fifth:tows are’ of 
steel; these blades for groups 79+86, 95-102 and 103-112 being 
specified of chrome-vanadium steel’ and for grotps:.161-£70, 
171-180, and 251-295, of; chrome-nickel. steel... ‘The-blades ‘are 
of, the usual impulse. type section and; of the following sey 
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The*active portion of: the tite is 
less than the overall length. 

The low pressure: rotor: shift of: forged steel is 6 3 
siete between centers of journals.’ The fifth stage wheel is 
667/16 inches in diameter over 54 
in diameter. 

At full power the make 4 450 per 
minute; the corresponding speed of.the low. pressure turbine 
is about 3,000 ‘revolutions per minute. The test speed is 25 
per cent in excess of this and rotor wheels ‘were 
ingly. “All-tests were satisfactory. 

The first destroyer of the 79-86 group was delivered: on 
April 6, 1918, the remaining destroyers of this and the next 
group, 95-102, following at ‘short intervals during the spring 
and ‘summer of 1918. In'so far as the main propelling units 
themselves were concerned, these vessels not only successfully 
completed their trials but have, in addition, cruised thousands 
of miles, under the varying and the exacting conditions required 
during war service, without a of ad 
under discussion. 

While stripping is not an unheard of occur- 
rence; it: certainly i is not a common ‘accident, especially where 
impulse blading is concerned; and, as a rule, when such an 
accident does happen, it is usually possible to arrive quickly at 
a definite conclusion as to the reason therefor. Therefore, in 
the late summer of 1919 when certain failures of low pressure 
turbine blading occurred, and there existed much uncertainty 
as to the causes a 
was undertaken. 

The first ‘was: No. 104, which was 
thé November 11, 1918.’ Some- 
time after corhmissioning, while cruising at 25 knots, a blade, 
or several blades, in the second stage of the starboard low 
pressure turbine, carried away. Whether or:not:the result- 
ing condition was caused by just one blade letting go and 
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tearing the others loose, or several blades going at the same 
time, could not .be:ascertained., Shortly after this accident, on 
August 26, 1919, while running a full power trial off New- 
port, R. I, six blades in the second stage of the port low 
pressure turbine carried away: ‘The turbine was opened and 
a careful examination made, but, as everyone knows, examin- 


- ing a stripped turbine is an. undertaking of some magnitude, 


the general appearance being similar to a cubist picture with a 
couple of puzzle pictures painted over it. However, a careful 
search for foreign objects did not yield anything, and, as far 
as could be ascertained, the clearances had been properly ad- 
justed and the operation had not been abnormal. The work- | 
manship was examined and,. while it could have been improved 
upon, there was nothing apparent that one could. say caused 
the accident. These assumptions being eliminated. certain of 
the blades. were cut up and the metal examined. _ The exam- 
iner’s report was to the-effect that the metal, in its then pres- 
ent state, was unsuitable for turbine blading, a conclusion that 
seemed to be borne out by other information that came to light 
about this time, it being rumored that certain of, the blades 
for the 251-295 group, subsequent to the forging process, had 
been reformed and that during, this process the metal was 


- weakened... As a matter of: fact it turned out later that no 


definite information could be obtained on this particular point. 
However, while there was no: reason to doubt the existence 
of defective metal in the 104’s blades, there were other facts 3 
involved that made it advisable to continue the investigation. 
As far as could be ascertained all blades for. the 104’s 

low pressure turbines were from the same stock and were 
manufactured at:the»same place and under like conditions; if 
some few blades failed from weakness of material, it could be 
expected that all should fail, as like conditions existed. How- | 


ever, the other blades did not fail. Moreover, it was a matter 


of record that thirty-two exactly similar turbines, like material 
and like manufacture, had functioned over a long period with- 
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out a single blade failure.’ Also, following the 104, similar 
per” the list below?” 


Destroyer Location of Blade Failures 
ber Turbine Stage. 


‘Designating by groups: 


Group - Turbine Number-Stage 
95-102 
103-112. 


1-2 
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161-170 

171-180 


251-260. 
261-295 


at. ban 


Designating by. 


As these failures occurred, in each instance, all 'the possible 
available data was obtained. This data was carefully compiled, ~ 
but it was ot until early an actual 
appeared. 

The ‘port pressure of the 280 was heing re- 
bladed by the Vestal,’ In’conjuniction with the work the Com- 
manding Officer made the following report: uy 

“There is forwarded under separate cover one of the tur- 
bine blades of the 8d stage of the main low pressure tutbine 
of the 280, which is now on board the Vestal for reblading 
of the 2d, 3d and 4th stages. 
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“ The above blade is' forwarded for the information of the 
Bureau, The reblading of this turbine shows that the new 
blades of the different stages are not all alike, but vary in 
the following particulars : 


(a) Length of blade. 

(b) Thickness of root. 

(c) Irregular position of tip. 
(d) Shape of blade.: 


“Tn regard to (a), a few of the blades have been found to be 
shorter than standard. - Regarding (b) some of the blades 
show different thickness of the root, and as a result it has 
been impossible to install the number of blades called for by 
the blue print. For instance, on the second stage which is 
now completed, the blue print calls for 288 blades, while it 
has been possible to use only 282 blades. Regarding (c) there 
are many blades where the tip is not central, being well over 
to one side or the other, this making it difficult to put the 
shrouding in place. Regarding (d) there are quite a number 
of blades which are bent forward or back, or to one side or 
the other. The blade being forwarded has wae a bend. to 
one side. 

“These same difficulties were in 
metal blades of the 2d’ ‘stage, which have already been put 
in place. These blades, however, were quite pliable and could 
be moyed slightly so as.to.line them up and put the shrouding 
on. The steel blades of the 3d stage, of which sample for- 

warded was.one, are not so pliable, and in an effort to move 
this blade so that the tip would fit into the slot of the shroud- 
ing, it snapped off.. But very little force was used to moye it 
and it seems to be, very brittle, ,,The dents and burrs on, the 
root were made in getting it off the turbine after it was broken. 

“ Another irregularity noticed. is. in. the shrouding. 
of the holes are not uniformly: spaced, and -the line of holes 
is seldom parallel to the edges of the sirendiog: 
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_ It is believed that this may throw some light on the trouble 
which a number of the destroyers are having. The blades and’ 
shrouding were received from! the Mare Island Navy°Yard.”« 

About five months previous to the: failure of. the turbine 
blading on the 280, the port propeller was damaged and from 
that time on considerable vibration existed in the port shafting 
and. turbine, The: port: propeller was removed and repaired 
and the vibration’ eliminated. to: some extent... However,:.as 
the dock trial:showed there was still some vibration remaining, 
the -280, just previous to: the time the blades failed, put out 
to sea and operated at various speeds to test out the shafting 
in deep water under service conditions. During this:trial spin 
everything ran all.right and the 280 returned to port..\A few 
days later, while warming up to get under way, trouble: was: 
experienced with the port low pressure turbine arid: investiga- 
tion: showed fifteen blades. carried away in) the first stage.) 
Apparently the blading had failed while warming up along 
side ithe dock, but: of this there was ino proof.':The blading 
may have failed during the run at sea several days’ before, as 
there are instances.on record,) in case of the turbines) in 
question, where stripping has occurred and not been discovered, 
until the casings were lifted for other reasons;:there being no 
indication, at the time of the accident of anything out of the 
ordinary happening. This: statement may: appear»a little out 
of the ordinary, in fact, the writer himself: doubted it at stepesee 
but a rigid investigation showed: it to be trues 

October 26,1920, tie Commanding ( of the astal 
further reported :, 

the 8d, 4th and 5th stages of the 280’s: main low pressure 
turbine, in accordance with reference (a): There are 
damaged blades available as, in order to expedite removal 
of. the old blades. from the rotor, the ‘blades. were first cut 
off by means of an oxy-acetylene. cutting ‘torch. roots. 
were then driven off by a, pneumatic hammer: The best blades 
and some of the blade;roots have been'selected. 
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“In addition, there is also forwarded new blade: which 

broke while: installing on the 4th stage. The cause of this 

break vis: evidently brittleness. ‘This: was 
the Mare Island Navy Yard. 11K 

There is also forwarded one new. blade piece of 
ing in the ‘exact condition in which it was received from the 
Navy: Yard. If the» root: of» this blade: is» placed: against ‘a 
straight surface in ‘an upright position’ and ‘the ‘angle of the 
shrouding noted, it: will show the Bureau a condition: which 
has been. contended: with \in:reblading these stages. This is 
however an extreme case ahd’ such blades and'shrouding are 
being discarded as ‘bad. All of the blades-and shrouding, how- 

blades are thing tiated: ‘before thie! are 
place so as to reduce the chances of any 
brittle or defective blades.” 9 

the above other data the facts 
were established : » 

(a) Seventeen. of the failures in the port 
omnia turbines and five in the starboard low pressure tur- 
bines. The reason for the greater number of failures in the 
port turbine has not been established and is a ‘subject’ for 
further: investigation. A theory involving vibration and the 
greater length of the port line shafting has been advanced, vat 
this can remain an open problem for the present. BB aed 

The greatest number of failures occurred in the: 
295 group. The blading of these turbines was accomplished 
at a government turbine plant, which plant’ was built by the 
‘Government and placed under the management of the firm 
holding the: the the — 

ge} The blades for the 261-295 were forged 
stock supplied by one of the large steel corporations. | 

_ (d) Failures in stages were follows’: 1st 
stage, 9; 3d stage, 7; 4th stage, 2; 5th: ‘stage, 2. 


4 
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»-(e): Theprimary failure as far as could be ascertained, in- 
volved but one ‘or ‘two’ blades! in a ‘single stage. In instances 
from one'to fifteen blades in’a single stage were found stripped, 
but indications were that the failing of one or two blades: was 
the cause of the others going.’ In no ¢ase was there any indi- 
cation ofa! general failing of the blades, the damiage usually 
shrouding. ad 

(f) Practically all of the blades pacer across. ‘the: oi 
section; although in instances, where there was a: tearing action 
by the shroud band and: loose‘ the 
higher upion the'blades 

(g) In only one instance, that of the 280, did serious s vibra 
tion exist previous to the blades failing. if 

In certain instances, the fact that had 
was not discovered until sometime after the occurrence, when 
the casings were being lifted for other reasons. In the ~_— 
interval the turbines operated satisfactorily. oynist 

(4) In ‘such cases, see (h), while there was no excessive 
vibtition due to the loss of the blades, in those instances where 
the stripping was discovered at the time of its occurrence, as 
a rule a very noticeable vibration became evident immediately. 

(j) Sometimes, when the failure occurred in the earlier 
stages, the ruptured blade or blades, in going through the fol- 
lowing stages, tore blades out of these stages; in other instances 
the ruptured blade or blades went through as many as three 
stages and the intervening diaphragm nozzles, without tearing 
loose other blades. It would be expected that in such cases 
- One would find, the blades in the stages intervening between 
the stripped section and exhaust space; badly:chewed up, but . 
such was not always the case, ‘The ‘‘ichewing-up” was usually 
of minor importance and in some ‘cases but five or'six blades 
per stage were involved. As a: rule the diaphragm’ nozzles 
were easily straightened and but one: case of extensive renewals: 
being necessary. can be: recalled, Incidentally this speaks well. 
for the ruggedness of the turbine design. 
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(RY blades that failed: showed evidence: of cracks 
having existed in the vicinity of the root sections. | iy 

The root: sections were not. they varied be- 
wide limits: 

Inosome: cases the bide: tore 
shroud band; in other instances the Nenad even sided — 
failed to'tear loose. from shroud band...) d 

(nm) In no instance was the material of the shroud bands 
found»to be defective. bale 

(0): The-holes in of not: cut 
true tothe center line, but were staggered. 

of of ate true, were: slightly 
bent... 

gineering Experiment Station Annapolis, Md.; was directed 

to undertake an investigation to determine the condition of 
the metal of the blades to the cause 
failures. li 

-/The material: at blading £ the 178, 
the 175; andthe 280:' See Eto H, inclusive. | 

The material from the 175 came from port 
pressure turbine, see E, and 


“1 broken blade from the 3d stage. 

1 spare blade for the 3d stage. 

~ 2 blades which broke off ‘from the guide and the « cor- 
~*~ “tesponding section of shrouding. 
_ Damaged blades from the 4th stage. 


the 178, see F, came from 
port low pressure turbine and ee ofa ‘section ‘ot dam- 
aged blading, including shrouding. 

‘The material from came rem the: port 

low: pressure’ turbine and ‘consisted of; a numberof’ broken 
_ and damaged blades from the 8d°stage, see G-1 and G-2, dam- 
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see G-3 and G-4, two blades which broke off while being in- 
stalled in the 3d and 4th stages, see G-5, a new blade set in a 
section of shrouding, ee the lack of alignment between 
the two, see G-6. 

_A series of unused blades representing each of the five 
stages and taken from the same lot as was installed in the low 
pressure turbines of the 175 and 178 were also examined. 


_METHOD TEST. 


Samples analysis were ‘taken from each unit 
of blades received. Representative specimens from every place 
received were taken for metallographic examination, with re- 
gard to both non-metallic inclusions and grain structure. A 
number of blades from each of the three vessels were machined 
for tension test. As a test for brittleness a number of the 
blades were machined for bend tests and others were bent as 
received. The results of these tests are illustrated in I-1 and 
_ 1-2. Additional bend tests were made on specimens machined 
to various shapes, approximating turbine blades. The results 
are shown in I-3 and I-4. A large number of impact-shear 
tests were made on specimens machined from the blades’ roots. 
Some of these were given various heat treatments to study 
the tendencies of this material foward. brittleness. The results 
are given in Table III. 

To study the’ effects of the’ lade dons upon apparent 
brittleness of the material, a number of bending test experi- 
ments were made on specimens-of different shapes. Two dif- 
ferent materials were used, one of” Class “ Ac” steel, contain- 
ing about.0.6 per cent carbon, and the-other of Class “ An,” 
or 3% per cent nickel steel. The shapes of the specimens are 
shown in I-38. These were arranged to show the effects of the 
“notch,” and of sharp edges, on the tendency to fracture. The 
specimens, after bending are shown i in I-4, 
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BEND TEST EXPERIMENTS. 
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» RESULT CHEMICAL | ANALYSIS. 


results of chemical analysis are shown i in. table 


while being installed. : 
See G-5. 


ea in iz 


: 


+ 


OF METALLOGRAPHTC EXAMINATION. 


to J-4 illustrate typical, structures of. the 
blades from the 175 as shown i ‘in gy J. to j-3 show the 
structures ‘of two damaged blades. Each was taken near a 
surface of fracture. The structures are uniform and the 
grain size varies from ‘moderate, to fine. J- 3 shows. the un- 
etched surface of the same specimen shown on emg This 
specimen contains considerably t more than an average quantity 
of non-metallic inclusions. ‘This might be considered a limiting 
condition in these blades, since most of the others, are some- 
what cleaner. _J-4 shows that the structure of the spare blade 


from the third stage is uniform and of smalls com fe accel 
to that of the blades, 


. 
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Damaged 90, 3.047: 000: .0 3.50 None 
See . 396 00 :.86 .051:.004:.62 :3.20:0.74:None 
601-520 ;:.43 036; : 86 2-29 :1. 0: .06 
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K-1 to K-6 illustrate typical structures of'the blades from 
the 178, shown in F. K-1 shows the structure of a broken 
blade near the fracture. The photomicrograph shows a 
coarse triangular structure such’as might result from quench- 
ing, possibly followed by tempering. -K-2-shows the structure 
specimen takett fromthe same blade shown in K-~1, after 
annealing. ‘The grain size is:small-and the distribution of’con- 
stituents is uniform. shows the structure specimen 
from the other end of. the. blade to.be of small grain size. 
Slight vestiges of a banding of constituents remain in. this 
region. K-4 shows the structure of one of the damaged blades 
to be sorbitic, indicating rapid cooling, possibly followed by 
tempering. K-5 and K-6 illustrate the variation from fine 
grain to moderate grain size and uniform structure: typical of 
the other blades from this set. a 

and L-8 to L-? illustrate typical structures ‘of the blades 
from the 280. 1-2 shows the structure of a specimen of 
shrouding “which structure is typical of all the shrouding 
examined, L-1 and L-3 show the structures of specimens 
from the damaged. blades shown-in G-1.and G-2. The struc- 

tures throughout are uniform, the grain size varying from fine 
to moderate. L-4 shows the structure found throughout the 
damaged blades and blade roots, shown in G-8'and:G-4, to be 
uniform ahd of moderate grain size. L-5 and L-6 show the 
structures at the base and at the tip of the third stage blade 
which broke while being installed. . Near the break, the struc- 
ture is sorbitic and of moderately large grain size. At. the 
tip, as shown i in L-6, the material has a very fine grain size. 
L-7 shows the structure near the break of the 4th Stage blade 
which broke while being installed. The structure is  desidesly 
non-uniform and rather coarse... 

“"M-1 to M-8 show the structures of the set of blades repre- 
senting each stage from the same lot as was. ‘installed on the 
178 and 175; ; these blades are ‘shown. i in H. 

“MA and MQ: ‘show the structures of the two monel metal 
blades from the 1st and 2d stages, respectively. Each contains 
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large quantity“of ‘non-metalli¢ inclusions, particularly the 
stage blade,as shown in M-2... The grain size. is small. 
M-8)to M;5, show the structures, of, one. of, the third stage 
hierine: at. the tip, base. and root, Tespectively, At the base of 


‘the, blade, as shown M-4,. the, structure is decidedly, 


coarse, grain It is, that this structure is 


similar to that of the 4th stage blade shown i in L-?, which blade 
broke: while being installed. The structure, throughout the 


main blade body and the root, is ‘uniform and of, small, grain 
size. See M- 3.and M-5. 


stage. At the root, as shown i in M-6 , the structure. is uniform 


_and.of moderate grain size. At the. tip, as shown i in M-7, the 
structure is very coarse. Byidentiy. this ved had been over- 


heated at the tip. 
M-8 shows the structure ‘of the fifth stage ined at the root. 


Vestiges of banding of constituents remain. The oe size 


is small. 
_ RESULTS OF TENSION. TESTS, 


The result of ‘tension tests, made on’ machined 
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M-6 and. M-?7 show the ‘structure of the fourth 
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tests were “made to a de- 


ett 


aa energy in the’ sais is measured by the height to 
‘which “it ‘swings’ after’ breaking” the’ specimen. ‘energy 
‘required'to break the’ spécinten i is taken as an index’ of impact- 
‘shear toughness. The size of the specimen inch by % 
inch, and the gripping vice is so arranged ‘that one Specithen 
be’ moved along and sheared a. ‘number of times and the 
average: results used, 
“Some specimens for’ impact given ‘various heat-treat- 
“ments in order to determine the possibility’ of producing 
“ temper brittleness” i in these blades. The heat treatments are 


1. Annealed at 1500 degrees F. 

Reheated to 968 degrees F., cooled in’ Furnace A. 
-Reheated to.,.968 degrees cooled in, Water ale: 
Reheated to 1148 degrees cooledin Water. Cy. 
Reheated to 1148 degrees F., cooled i in Furnace 

~ Quenched-in-oul F500 degrees 


Rebeated to degrees F., cooled in 
‘Reheated to degrees F,,.codled in Water... .. 
Reheated ¥o 1148 degrees Water —— 
Reheated to 4148 degrees 1 it Furnace 
“Anneale at “1500: degrees 
able, gives ‘the Tesults obtained” on as, 
‘and on heat-treated material... In each case, the results. obtained 


‘on a heat-treated’ specimen are’ given ob- 
tained on an uritreated: from the 


os 


‘ings ‘of the American Society ‘for ‘Testing Materials, Vol. 
XVIH, Part II; 1916.” "This method consists of shedting an 
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“TURBINE BLADING FAILURES. 
RESULTS OF BEND TESTS. 


The results of the bend tests on specimens machined from 
the blades to rectangular, section, are shown in,I-1. In most 
‘cases’ the specimens wete bent :flat through 180, degtees with- 
‘out signs of failure. Two specimens were taken from each 
of the two’ blades showh i in. G-5, which broke while being in- 
stalled.” “Three ’of these failed when:bent to about 180 degrees. 
‘One of the three specimens’ taken from the | stage of the 
280 failed when bent through.’ 180. degrees. A number of 
“specimens from’ the 4th and 5th ‘stages of the 280. showed 
jon small surface cracks when-bent.through 180 degrees. 

Of the entire lot of spare blades shown in H, only one speci- 
lah from the third stage failed and then only after bending 
through 180 degrees. Two specimens were taken from the 
eccentric blade shown in G-6 and one of them was given the 
heat treatment A’, see ante. The untreated specimen was bent 
flat on’ itself without ‘cracking. heat-treated 
“cracked when bent through about 170 degrees. 

Since these tests did not indicate excessive inherent brittle- 
ness of the material, bend tests were made on sections of the 
blades as received, to determine the effect of the blade section 
shape on the amount of distortion that the specimen will under- 
go without fracture. A number of blades were bent..with the 
sharp blade edge inward, and others were bent with the sharp 
edges. outward. The results are shown in I-2, ‘Those bent 
‘with the sharp’edges inward were bent flat without cracking, 
“excepting one which was given heat-treatment A’. This one 
cracked when. bent to about 170. degrees. . The four blades bent 
with sharp edge. outward: showed cracks in. every case long 
before bending to 180 degrees. In one case the angle of bend 
only about 45 degrees. 

“To'\show even more) convincingly the of turbine 
blade’ “sections undergo bending without cracking, bend 
‘Specimens of thr different grades of material were machined 
to the shapes shown in I-3. These specimens were designed to 
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give a comparison of the action of bend miveectival with. the 
follawing kinds ‘of test section: 


(A) Rectangular cross section. | 

Rectangular cross ‘Settion with fillet at the dange 

““(D) Turbine blade’ ‘Section: with fillet at danger 


_The. materials, used, were, machine steel, Class.“ Ac” steel, 
and Class,“ An’’ steel. The. results are shown: in ‘14, which: 
shows the angles of bend. when cracks were first. observed.,.As 
was expected, the specimen of rectangular section was bent flat) 
without cracking; the: other specimens cracked long before 


bending through 180 degrees; the order of decreasing angle of 


bend when cracks first appeared being B, C, D. Only a small 
degree of bending (about 20 to 25 degrees) ‘was required to. 
produce cracks in the D specimens, which were ay close 
approximations of the actual turbine blades. 
The specimens E and F in each case. showed that the rectan- | 
gular specimen bent on a ‘diagonal axis could bé bent to a. 
than when bent on an axis to its base, 


The of, the. different ot blades. 


varied considerably., The specifications for the steel. blades. 


of the 178 and 175. originally. called. for chrome: vanadium: 
steel, but were later changed to require chrome-nickel. steel. . 
The result was that some of the blades, were of bisuaciics vatia- 
dium .and others. of chrome-nickel. : 
The steel blades: tested may, be, divided. 
classes; regarding .chemical, composition. The chromenickel 
steel blades contain about 3}4 per cent Ni. and 34 per cent. 
chromium and. the. chrome-nickel: vanadium. steel: blades: con-: 
tain about 134) per cent 0.4. per. cent’ Ni:.and 0.1 to 0.3 
per. cent, Van.. A. notable; departure ,from this classification’ 
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occurs in thé case of the blade from ‘the 4th’ stage’ of the set- 
of spare blades shown in H. This contaitis 0.11 per —— ; 
0.63 per cent Cr., and 0.14 per,cent Van...) 

The carbon content, varies from 0.27 per, “cent to 0 4a per 
cent. The sulphur content in most cases is, rather high, ap- 
proaching, and in a few cases exceeding, the limit of .045 per 
cent usually allowed for high grade steel, forgings. The phos- 
phorus content varies, within normal limits. 

The chemical composition of ‘the’ monel’ metal blades: ‘con- 
forms to' spetifications excepting’ ait excess’ of aluminum. 

The sighificancé of ‘these results i in relation to the causes of 


shows in most cases little more than: an average quantity of 
non-metallic inclusions and these are well distributed through- 
out the metal. 

The structures of blades from the 175 are all uniform, the 
grain size varying from moderate to fine. 

Two of the blades from the 178 showed evidence of rapid 
cooling possibly followed by tempering. One of these showed 
a coarse triangular structure which is considered very unde- 
sirable. ‘This»structure was not’ found throughout the length 
of the blade, however, but’only near the tip and undoubtedly 
marks segregation of the alloying btructare: 
the remaining blades is normal. PLE 
Nearly’ all of the: blades ‘from the 280 shined a 
structure of moderate grain size, ‘The two blades from the 
3d'and 4th stages respectively which were broken while being 
installéd both showed a'coarse grain structure fear the break,’ 
merging to a small grained structure at éach end.’ The grada- 
tion from coarse to small-grained structure’ was quite uniform. 

“The monel ‘metal blades’ from the’ 1st ‘anid ‘2rd stages of the 
set of blades taken from the’ sathe lot as used in the 178 and 


The examination of the unetched surfaces of these blades 
| 
\ 


TURBINE BLADING ‘FAILURES, 533 


175, each contained an exceSssive'quantity of non-metallic in- 
clusions. . The grain structure was normal. One of the blades, 
from the third stage of this set showed a very coarse non-uni- 
form structure, at. the base of the blade, changing to small- 
grained and uniform at the ends. The structures, of blades 
from 4th and 5th stages might be considered normal, ereepting: 
one blade" which gave evidence of: at the ‘tips 
“The ‘impact-shear tést results give evidence ofthe’ 
possibilities of inducting brittleness in this class of steel. It 
is wellknown that. an excessive: degree of. brittleness,may be 
induced in chrome-nickel. forgings by tempering under certain: 
conditions, after hardening. There seems, to be.a, critical, tem-, 
perature range in the vicinity. of 550 degrees, C. (1022 degrees 
F.), which determines. the .effects of tempering. treatments. 
After the initial quenching treatment, ‘slow cooling, from any 
temperature, within the range.450 degrees, C., to, the transfor-. 
mation.point temperature, may. result in brittleness, the: degree. 
of brittleness increasing as. the; tempering. temperature. ap-. 
proaches the critical C. Quenching, from. 
815 degrees C;, (1500, degrees F.).. followed by. rapid, cooling 
from above 550 degrees C. to.the Ac point. will leave the metal. 
tough; followed.by. rapid cooling from: any, temperature 
between 450 degrees. C; to.550 degrees C, will result.in, brittle-. 
ness, The above remarks are based on,tests, made on chrome-. 
nickel steels, of the class known.as.“ high chromium-nickel,”. 
containing about 34 per cent Ni. and 134 per, cent Cr. . The, 


results, obtained, . as in bear. ont this, 


BOM 

Consider first which.» were initially 
from 815. degrees C, (1500 degrees F..). and then given-various. 
tempering treatments, .A comparison. of impact-, shear, values. 
of specimens from the .same blades,, before and after heat- 
treatment may be again summarized.in Table 
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oF ‘Hear On 24 


“Treatment after ‘Tmpact-Shear Values, 
| | Before Treatment After Treatment” 


Slowly cooled from 620 degrees C. 38.4 ; 

Rapidly cooled from. 620. degrees. 38.5... 29,8. 
Rapidly cooled from 620 degrees 30.1 


effects of of sitnpe were it 
slightly increasing the’ ‘in cases’ de- 
The’ bend tests’ on the ide ‘hot steer 
in most’ cases the standatd machined specimens could'be’ bent 
through 180 degrees without signs of fracture. In some'cases, «| 
failure after bending through approximately 180 degrees oc- 
cuts, This shows that in general’ the material’ cannot’ be con- 
sidered excessively brittle, although’ urider certain a 
slight tendency toward brittleness is indicated. it eadonorg 
~The bend'tests on the blades as received; thie ex- 
periments on different shapes, ‘throw light ‘on the entire: prob- 
lem. It is'‘a well known fact that in'a stressed bar containing 
a sudden’ change in’ cross-section, the distribution of stress is 
not uniform in the section where’ the: change occurs. ‘Under 
some conditions; ‘the maximum stress ‘may amount to consid- 
erably more than the-average stress in that section. The design 
of 'this type of turbine blade is' such that a ‘sudden change of 
section occurs between the root and the blade body. This 
section is the one of maximum bending moment and the triaxi- 
mtim stress under bending would be considerably greater éven 
than ‘the theoretical’ stress. ‘The’ shape of the blade’ section’ 
itself is very poorly sttited to resisting bending loads without 
cracking. The | ‘sharp edges ‘of the section are’ the ‘points 
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farthest removed from the neutral.axis and therefore subjected 
to the greatest stress when the blade. is bent... The bend. experi-. 
ments show that such a:section when bent: with the sharp.edges 
outward will crack much more. readily than one.of, rectangular. 
shape.. Thus, in.I-3.and I-4, specimens:.A, having )a:rectangu- 
lar section,: bent completely through:180.degrees. without, crack- 
ing,/excepting the one:-of Class “‘:Ac’’ steel, which just-cracked 
at:180\degrees, A. re-test of. this, specimen, showed no crack. 
Specimens \with: rectangular, section, but bent 
change of section also bent through 180 degrees, excepting the 
“ Ac” steel specimen which broke at.90;degrees,:|.'The: speci- 
mens C,and D.of turbine blade shape show cracks, in every. case. 

Those:.with the sudden change of sooner 


than those of uniform.section:, . 


» The weakness of the: turbine blade is 
out in I-2,. Turbineblade specimens bent with the sharp edges: 
outward. crack every time,,.in some: cases after ‘very. slight 
bending... Those, bent, with, the sharp edges inward,\in nearly. 
every case bend completely. through 180, degrees without; signs: 
of, cracking, showing the inability, of these, 
undergo plastic deformation 


‘DISCUSSING PROBABLE CAUSES. OF. FAILURE, 


‘The significarice Of the results obtained’ in : 
now be considered in relation ‘to the probable causes’ of the 
failures of these turbine blades. ‘The cause of any failute of 
an engineering’ material maybe ‘classified as due to either 
faulty material, faulty design, or 
Will be discussed separately, 

variation in the: of she blades 
indicates in’ many cases a wide departure from the 
specifications for chrome-nickel steels. “The preponderance’ 
of chromium over-nickél found in the blades ‘containing’ dver 
1 cefit’ Cr:vand ‘about 0:5: ‘per cent ‘Nil, is’att unusual 
bination. ‘Ballens in Steeland Tts Heat Treatment” states’ 
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that the chrome ‘content greatly’ exceeds'a certain 
proportion in respect to nickel, the steel willbe more*difficult 
to heat-treat successfully, the temperature limits are more nar-' 
rowy‘and the possibility of poor results’ is greatly increased. 
The ‘best’ ratiov'is: probably about 2%) parts | nickel: 1-part 
chrome.” It’ is ‘notable’ that the’ 'A.S.T’M. specifications? for 
chrome-nickel ‘steelof different classes, maintain approximately: 
this ‘ratio. 'However, the importance that may be’attached! to’ 
the! variations ‘of chemical analysis’ is’ minimized ‘by the’ fact’ 
that :failure occurred in’ ‘the: sets: — 
spective of chemical analysis.” 
~Itis’well recognized that the of 
must be ‘catriedon’ with great’ care to prevent the formation 
of fine surface cracks. Such cracks ‘might easily be over- 
looked'and ‘in turbine blades would ‘develop rapidly, ‘due ‘to 
the fatigue stresses caused by vibration of the blades in service. 
‘The question of ‘vibration in turbines, causing fatigue’ fail- 
ures of ‘blades; ‘has been ‘given considerable attention,’ and 
many turbine failures have been attributed solely to that cause. 
The results of investigations at the Experiment Station ‘have 
shown definitely that ‘under certain conditions, fatigue! failures: 
may be caused by stresses in the neighborhood of half the 
elastic limit of the metal as determined by static tests. With 
reference. to this point, attention is invited to. the: 
that existed on the 280 previous to stripping. 
Mention might also.be, made of, such. 
causes as fouling of blades due to expansion of the.rotor 
wheels with .overspeed, fouling due to improper turbine ad- 
justment or poor alignment of blades, the presence. of foreign. 
objects or the presence of, excessive quantities of water., In- 
vestigations of these various conclusively. shat 
such. conditions didnot exist. 
In the: final analysis, the are 
contributory. causes of these. failures... The heat treatment, 
bend,and impact experiments show that although this material 
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inl most cases'is ductile, in'somé cases’ slight degree of brittle: 
ness ‘was’ obsetved in: the ‘nietal. ‘As’ ordinarily tested, using” 
standard machined bend specittiehs, the material would’ not ‘be 
classed ‘as’ excessively’ brittle. “When the subject of blade 
sign in relation to bending tests is considered, however, the’ 
dangérous condition ‘which may’ resiilt following’ bending the 
blades is browghit otit. The bend expériments’ show that when” 
using’ a specimeti closely approaching the acttial ttitbiné’ blade’ 
in'shape} even ‘@ slight degree! of bending ‘is’ sufficient to’ form, 
atthe base ‘Of'the blade, slight cracks, even’ though ‘the’ that 
terial itself may be inherently’ ‘quite dtictile. 

this Connection the information‘ given in the’ reports’ of 
the Commatiding'Officer of the Vestal is very ‘significant. 
These ‘reports speak of the difficulties’ experienced in blading 
the turbines due to variations from the standard’ blade thick. 
ness and length;/and dué to lack of alignment betweeti blades 
and’ ishrouding: ‘Tt was’ necessary’ ‘to bend some of the blades 
considerably ‘to fit'them into’ the shrouding’ holes. This 
dition’ led to cracking some of the ‘blades. In some cases the 
failure was complete as ‘shown by the two blades in G-5. In” 
other cases the cracks were undoubtedly very small, and easily 
overlooked: ' Stresses on the blade due to vibration in service 
would be concentrated at the base! of such cracks, which would 
rapidly ‘develop; and’ ultimately lead to’ failure, and’ stripping. 
In this connection it must be remembered that it is necessary 


; CONCLUSIONS. sti olin id 


of the’ analysis’ of damaged: blades’ ‘from’ 
the 175 ‘show these to be of chrome-nickel vanadium stéel of 
the general’ composition: Cri-1:25, Van.-0:20: "The 
composition’ of the spare blade from the 178. indicates’ Cr-0.70, 
Ni.-814, Van.-rione.’ The blades from the’ 178 ate of the same’ 
composition as the 175° spare’blade’ The composition’ of the 
bladés from’ the'280 vaties; both of ‘the above’ types. 
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One of the blades from the 4th, stage of the 280.is of very. — 


unusual composition, containing, Cr,-0.68, Ni.-0,11, Van.-0.14.. 
The composition of. the monel metal, blades from the Ist.and_ 

2nd. stages to, Navy a 


ation, of. structures typical of this grade of metal....In most. 


cases, the structure is quite satisfactory. , In a number, of cases. 
the structure, gives evidence of rapid, cooling possibly: followed. 
by.annealing.. In other cases segregation) of constituents, was. 
shown. In a few cases wide; variations of structure between . 
different parts of. the same blade. indicated lack of suitable.an- 

nealing... However, nothing about the»microstructure, was 

considered sufficiently justify attributing the 

The: results. of various impact-shear, . 
bend tests, show. that while in most.cases. this; material. is quite. 
ductile, in some, cases a slight; brittleness in; the metal was. 
observed. Under: the worst .conditions, . 
cannot be considered excessively. brittle... 

The results. of the. special;,bend, on specimens 
of various shapes when. studied, in connection, with informa-. 
tion given regarding the difficulties encountered. in blading. 
these turbines, indicate with little doubt, the cause of the whole. 
trouble. . The design of this type of. turbine blade. is such’ that: 
it is very poorly fitted for undergoing plastic deformation when 
bent, without the formation of cracks at the junction of root | 
and blade. While this is true even when the metal itself is 
very. ductile, it is particularly true when there, tendency 
to brittleness in the material due to faulty microstructure, or 
to. other causes. In, bending the, blades to: make them fit into: 
the. shrouding, a number, of. the blades. cracked completely as 
stated in the reports of, the Commanding Officer of the Vestal 
and as shown in G-5,,, Undoubtedly many other blades. were. 
only cracked slightly, and these cracks passed unnoticed. Under 
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thé ‘influence ' Service ‘fatigue stresses, such cracks would 
rapidly’ develop; ‘ultimately” causing’ complete ‘of 
‘blade, and stripping: of the entire stage) 

While the conclusions arrived at in the precediigl iit 
‘graphs were based’ wholly” ‘upon ‘th é investigation’ carried’ out 
at the’ Experimenit' ‘Station, ‘they are’ borne out by many other 
facts of which the investigator had; at first, no knowledge. 
These other facts, while it is considered inadvisable to publish 
them here, have to’ do with the ‘history of the blade material, 
‘the’ forging of the blades, the history of the assembly of rotor 

wheels for the various’ classes, the ‘condition of spares, 
iiispection of the material and the kind of labor employed. 

» The excellence of the réport of the investigation which was 
carried on under the personal supervision of Mr. D. J. Mc- 
Adam, Jr., cannot be too highly commented on. 

While great care in turbine construction has always been 
an acknowledged necessity, attention is invited to the follow- 
ing: ; 

(a) In specifying the raw material consideration must be 
given to effect that subsequent forging will have on the ma- 
terial. 

(b) Heat treatment, at whatever stage or stages it ahcsile 
take place, must be carefully watched. 

(c) A final heat treatment, that will insure uniformity 
should be given the blades. 

(d) Each and every blade must be true to designed shape, 
otherwise, in attempting to install, deformation of blade will 
take place. 

(e) Under no circumstances should a bent blade Be in- 
stalled nor should deformation of a blade, in order to make it 
fit, be attempted. 

(f) The shroud band holes must be true with the tips of 
the blades and to insure this, after the blading jis installed, a 
template should be made and from this the holes in We eroed 
band should be located. 2 
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in(g) Every blade should be.examined.minutely,, preferably 
swith a glass, especially, at, the, edges, and around. the, root; sec- 
tion, for cracks; if cracks, em discernible, the blade, should. be 
-scrapped, ,..... ryitts, edolaulonos. onl. 

(h),,The,, blades, in, aupation, can be. strengthened against 
to, some extent, by allowing, fillet: between 
the junction of the blade and the root and. widening the sharp 
edges of the blade. at the approaches to the root. . Such, how- 
ever, while it may tend to counteract, defective, workmanship, 
will,not eliminate the possibility of failure due to deformation. 
(4),-Blades of good material, improperly, manufactured. and 
mishandled, during installation, are: more, likely, to, fail, than 
blades of an inferior properly. 


(Oi 


| 
9a 


‘ 


i 
H 
} 
a i 


THE FUTURE OF WARSHIPS* 


By, _ ENGINEER Nason. 


satiate of the. large pre-war battleships ( (Dréadtioughts and Super- 
dieadnoughts), which are practically defenseless ‘against ‘a submarine of- 
fensive, should not lead to their complete abandonment. “Where ‘it is pos- 
sible from.the naval and the financial points of view to build large ships 
of the pre-war type, but improved by really effective protection against 
high-angle gunfire and against homie, ibe, tespedors and mines, such 
large ships have. not lost their effic a pose (raison d’ étre). 
It would appear that both Japan and the Unite States hold this view. © 
Great Britain, however, after having completed the battleship Hood, has 
inthe meantime stopped building and has cancelled the order for. sister 
ships to the Hood. ' 

And, perhaps, with reason, since the Hood, with her 41,500: tons dis- 
placement and-her cost.of £6 000,000 (without counting the armor cost/and 
so.many other items), although avery fast ship, can hardly be reckoned 
as the large unit of the near future, As concerns our country, whose aim 
is simply to. protect oar coasts, the number of ships. is quite’ ‘important 
as..individual: power. view Of,these facts, I stibmitted’ a short paper 
to the Chief’ of Staff ofthe Royal Italian. Navy last year, dealing with 

-a type of semi-submersible battle monitor, of relatively low. speed,, but 
capable of resisting effectively both the attack of* torpedoes and* mines, 
high-angle fire and the firing of aerial bombs; (2) with the. scheme’ for 
a cruiser of. small capacity, having no protection whether under or: above 
the waterline, but powerfully atmed (carrying four 381 mm, guns) and 
of.extra high ‘Speed. 

Since that time new data, ° due to the recent war, have come to hand, 
and it has appeared to me advisable to take up afresh the study of the 
units above. referred to, and in particular of the monitors, which ‘form 
more especially the subject of the present, paper. | 

-Monitors—Particulats..of the various types. considered are given in, the . 

-table herewith, the types- as 2 B,.3 and 3 B being reproduced 
in Figs. 1 to 9. The type 1 A was that pronoyee in the 1 paper 
referred to above. 

The upper works disappear when the monitor is pepir ieataereed, and 

_therei remains attack ‘only «the «deck, which is 
strongly protected: in the types A, B, and: peactically impenetrable. 
A sufficient angular stability,for the safety of the ship/is provided by the 
cambered shape of the deck and, the relatively low position of, the center 
-of gtavity. ship ii in: to ithe ceoter: of, by the 
Abstract ,of, at Architects, and. M 
tract ore. aval a- 
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The -types'2 A,'2 A-and are°of this 'character, the liquid: sub- 


NOTES. 


I wish to contrast this type of ship, slow, but practically invulnerable, or, 
to say. the least, highly protected and of a relatively small bulk, with the 
battleship Hood of a higher speed, but larger, more costly and less. pro- 
tected. If it be reckoned that in these monitors the ballast (which costs 
nothing) forms about one-third of the displacement, it will immediately 
be seen that, with approximately the Samé expenditure, it is possible to 
compare one Hood of 32 knots and armed with eight 381 mm. guns, with 
three such ships of only 18 knots, armed with twelve guns of equal cal- 
iber as against eight, and better protected. This forms the main point 
for consideration in the selection of a type suitable for our Navy. 
SEMI-SUBMERSIBILITY, STABILITY AND NAUTICAL QUALITIES. 

(1) Semi-submersibility in itself has not much importance, especially in 
_the. case of a) large unit with which it is not, of.easy attainment, while it 
decreases buoyancy; but is useful when the water round the hull is util- 
Battie Moxsrous. 


Principal Dimensions and Main Features of the various Types. — 


2G. Interna) Internal Internal _ Interna! 
at 194 


‘aqueous ‘protection ‘being ‘on the Pugliese system, they’ differ, from my 
original type 1 in which the’ under-water protection is ‘of reinforced 
concrete! on’ the tines advocated by Pétoraro’ Guidoni,. 


-'Dhe A-type having no’ water ballast’ in ‘the normal navigating trim has 
-a maximum heeling angle of 46 degrees, which is reduced’ to'42 degrees 


by the water ballast in the double bottom. In a ship without water-ballast 
application of’a belt of armor of 25/cm. andthe abolition ‘ofthe bal- 
last pumps and piping, which are not then required, the center of gravity’ 
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rises by about 20 cm., and the maximum heeling angle would be reduced 
to 42 degrees, which is that for the ship semi-submersed with water bal- 
last in the double bottom. The belting exposed jo gunfire would be higher 
by about 1 m., but a reserve of buoyancy would be gained, and the long 
and difficult opérations of admitting pad exhausting the water ballast, a 
weak point of the semi-submersible system, would be done away with. 

The reserve of buoyancy in the instance cited, with armor belting and 
without shifting ballast, would be about 6,500 tons, and only 3,000 tons 
without the belt armor and with the water ballast. €. 

In the types 2 A and 2’B, similar in type except for the gun arrange- 
ments and features dependent thereon having an armored deck, the buoy- 
ancy and the angle of stability are greater without the water ballast than 
with it, so that if it does not serve as protection for the hull, it might be 

eliminated. 

In the types 3 A ad 3 B, without armored deck (in which submersibil- 
ity is practically complete and can be made so, if required), the water 
ballast protecting ‘the hull is detrimental to buoyancy, but turns out to be 
favorable to stability which, from stability of forms, becomes positive 
stability of weight, whilst buoyancy has to be regained by discharging 
this ballast from the ship, In the same types 3 A and 3 B.the deck, not 
armored, whert the ships are cleared for action, is completely submerged 
ata depth of 1 m. below the sutface, and only the guns and the conning 
tower emerge, stability remaining always positive at all inclinations, the 
center of gravity, owing to the fixed ballast and water (protective ballast), 


falling below the center of buoyancy. In these two types the water which 


covers the whole of the deck serves to protect it in lieu of armor. The 
reserve of buoyancy is of necessity small, and in the type 3 B, which has 
no superstructure, the case may be said to be dangerous, the ship being 
practically totally submersed. 

I have tried to get over this in the fre 3 3 A by means of upper-works 
above the water, provided with cork filling, by which the reserve is sen- 
sibly increased. This superstructure, which I may call “a raft,” even if it 
were completely destroyed, would not sensibly prejudice the stability of 
the vessel, as there’ would still remain a positive stability > weights. It 
has besides the following advantages:— j 


1. It sensibly increases the reserve-buoya 

2. It renders the ship more habitable. b 

3. It increases protection against aerial attack. 

4. It allows using the guns even in a rough ‘sea, which does not appear 
to me to be possible with the type 3 B, which has no superstructure. 


The reserve of buoyancy, which in the type 3 B ‘nani no upper works 
is hardly 900 tons, increases in the type 3 A with 120 tons of cork to 1,500 
tons, and this could be further increased by increasing the cork filling, 
which in the: type : A has only a volume of 600 cubic m. and occupies only 
the eighth part of the upper works. The latter; of course, are divided 
into watertight compartments to increase the buayancy of the shi ship inde- 
pendently of the cork. — 

All points considered the type 3 A appears to” ‘me the best, or, if one 
wishes, the least defective, The idea of the “buoyancy raft” now referred 
to Kao semi-submersible ships is new, and appears to me deserving of con- 
sideration. 

The type 3 B, having the center of gravity well below the center of 
buoyancy, could be submersed completely, but I greatly doubt whether 
this class of large is likely to be widely adopted, because of the small’ 
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buoyancy reserve, and of the slowness and difficulty of under-water man- 
euvers—it would be an easy prey for submarine boats which are smaller, 
have a higher speed and are more numerous, Further, the difficulty of 
diving to great depths, a condition which submarines can easily meet, 
militates against large submersible ships. And it should be noted that the 
ability to submerge completely, while maintaining the center of gravity 
below the center of buoyancy, is purchased at a high price by the addi- 
tion in the bottom. of the ship of quite.7,000 tons of ballast, an enormous 
weight which could otherwise be better turned to account in offensive 
and defensive qualities, or of the speed. 
_ The water ballast required for semi-submergence does not. serve for 
under-water protection. If the protection is fixed and permanent, the dif- 
ference between the Hood type of ship and the monitor is reduced to a. 
difference in height of side, the height being greater in the Hood, and this, 
it must be admitted, confers to the ship standing high in the water a 
greater speed, good nautical qualities and good habitable conditions.  - 
Now, apart from speed, the nautical qualities and the habitability of 
monitors can be rendered sufficiently good by means of upper works, as 
will be seen in the type 3 A. These upper works would be vulnerable, it 
is true, in action, but no more vulnerable than those of the Hood. 
On the other‘ hand, three monitor units can be had for the cost of one 
Hood, twelve powerful guns instead of eight only and.a better protection. 
_.At is necessary to. bear well in mind in taking a decision that, for an 
equal expenditure, and by sacrificing ‘speed, there is. obtained for the 
slower ships as against the faster larger ships the following important 
advantages: (1) a larger number of ships; (2) a higher. artillery power ; 
(3), a better protection afloat; and (4) a,better protection under water. 
Form of the Hull—In the original type 1 A I gave the hull a rectilinear 
transverse, U-shaped form, to prevent the mines encountered by the stem 
exploding under. the central bottom of the hull, where. there is no rein- 
forced concrete. protection. Now, owing to, the paravane, rectilinear, U- 
shaped form is no longer necessary and curvilinear forms can. be adopted, 
better suited to Wigher secede, These forms are adopted in the types 2 A, 
2B, 3 A and 3 B, which make for higher speed, notwithstanding the 
greater length of the hull (150 m. instead of 130 m.),, The hull is longer ; 
this, whilst advantageous from the point of view of speed, makes.a rather 
tter target for the torpedoes, and therefore . leads to an increase in 
weight of the protection necessary. At the stern ‘the bottom part of the 
hull is cut away so as to present a smaller target to torpedoes, eis 
Propelling. Machinery —The original type, 1. A was designed to be pro- 
pelled by turbine machinery supplied with steam from water-tube boilers, 
the machinery being similar to that of the scout Mirabello, It allows a 
power of 35,000 shaft horsepower to 45,000 shaft horsepower for a: weight 
of about ,1,000, tons. _ In the case we are now considering of a. semi-sub- 
mersible ship, in which it is desirable to eliminate. from the deck struc- 
tures likely to be, destroyed by gunfire and aerial bombs, it would be best 
to adopt internal combustion propelling machinery rather, than steam. 
This change has been. introduced in the types 2 A, 2 B, 3 A and 3 B.. This 
has the advantage, of making it possible to. shift the conning tower, to the 
center of the deck between the two main turrets, and above, the machinery 
thus improving the.transmission of orders and the navigation of the ship. 
These advantages, however, are purchased at a considerable expense, fo 
even when allowing a greater weight by. about 200 tons. to. the inte 
combustion machinery, and a greater space lengthwise by about 10 m., and 
the number, of it dogs not seem possible—in. the 
present conditions of development of this: machinery—to aprive, at an. in- 
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In't er of the horizontal armor, the curved armored deck. which, 
in pre-war Ships, was usually level with the lower deck, slightly above’ the 
water-line, in the Hood, is round the sides below the water-line, having its 
central portion raised to the height of the battery deck, thus giving the. 
ship better protection if’ the external side armor, between passage and 
. battery, was pierced. This innovation, I may say, was actually suggested 
by the Ansaldo, Sestri, Ponente Yard in 1912. Ee 
Under-water Protection —In type 1 A under-water protection is ob- 
tained by means of walls of reinforced concrete on the Pecoraro Guidoni 
system behind an outside air chamber, the object of which is to deaden 
the violence of explosions against the concrete wall. This air chamber is 
a weak point of the system, since in, case of a tearing effect by the shock 
of a torpedo the ship takes aheavy list 
“For this reason, in the types 2A, 3 A, 2 B and 3B T have ‘adopted a 
liquid under-water protection (a system derived from the oné devised by 
Engineer Pugliese), having the advantage of. not occasioning any sen- 
sible list of the ship even when struck by torpedoes. This advantage st 
remains, however, to be proved. The strong timber protection which I 
propor during the war. for the under-water protection of ships, would 
¢ more certain in action. but has the disadvantage of the impossibi ity of 
lightening the ‘ship (by discharging the protective liquid mass), and wi 
consequent increase in speed and buoyancy-reserve. © 
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stallation exceeding 24,000 horsepower, in’ spite of adopting’ four twelve- 
cylinder engines on four’ shafts. Thus ‘with ‘internal combustion the 
power is reduced to about half, witha consequent reduction Of speed from 
i! 20 knots to 18 knots, And the speed. reduction would be sti ré marked 
I if the greater length of the ship did ‘not come’ in whic types 2 rie 
2B, 3 A and 3 B, is carried from! 130m. to 150 m., whi rms of the 
i ‘The relatively low figure of 24,000 horsepower is obtained by 48 cylin- 
b ders of 500 horsepower each. On the other hand, in.the type 1 A havi 
iy steam turbines, the power of about 40,000 horsepower was. obtained w 
1] only six turbines. This difference in ‘complication is very marked, and. re- 
iE duces. the am of damages in favor of the turbines, 0 
it Captain d has advocated ‘the tse of explosion motors, which would 
Oo ; be lighter and take up less space, and faster running than internal combus- 
4 tion engines. I am sorry I am not able to share his views in this respect, ; 
i for whilst ‘the internal combustion engines have attained, not without dif- 
if pe a power of 500 shaft horsepower per cylinder, it appears to me that 
if the fast-running explosion motors ‘are far from having reached this fig- 
i ure, there being, further, the difficulty of cou 
4 peller shafts, and the latter are limited in 
r would certainly be possible by resorting to e 
if: solution Would be found ‘more heavy and bul 
i tion engines solution. It’ is not superfiuous t 
combustion and explosion motors, the 
} of fuel ‘load, is at least two and a‘half ti 
_ Above-water Protection forme 
“above-water protection should be arrang 
| deck atid outside walls. It appears to me absurd to allow the projectiles 
i to ‘penetrate to the inside, The decks and the partitions should only act as 
i. protection against shell splinters. In the types 2 A and 2 B all the pro- 
i tection above water is concentrated, as in the ‘original type 1 A, on the 
it deck and belt’ at the water-line, the maximum of protective armor thick- 
| 
; 


is protected under water ‘by the’ so-called “ bulge” filled with 
drums. By filling with cork’ the’ intéfstices’ between the drums, the ‘ef- 
fective flooding of the ‘bulge should a’ torpedo strike‘ its outside wall might 
be kept down ‘to quite. a small'amount, and’ this would explain the good 
effect ‘which the ‘bulge ‘has had’ during ‘the war.’ ‘This protection would be 
both lighter than that of ‘réinifotced concrete, and’ that ‘of ‘the Pugliese 
type which; taking the ‘water and ‘the’ internal protection, ‘weighs approxi- 
mately 3,000 tons, a wéight which could be reduced: by' using a bulge of 
equal Voltime to about’ 1,000 tons. By using this kind'of ‘protection ‘in our 
types theré’ would be’ no’ need ‘for’ thé water ballast, and there would follow 
a saving in’ weight of approxitiately ‘2,000’ tons, which' could’ be utilized 
partly in belt armor and partly in increasing the buoyancy-reserve.” It 
ilized for décreasing the ‘displacement ‘and’ increasing ‘the 
‘applying ‘stich’ a modification’ to’ the ‘type in! which reserve 
buoyancy can be increased inde cor i the ‘water ballast’ (by incréas- 
ing the volume ‘of the cork filling in ‘the upper works), the displacement 
of the ship.in normal navigating and fighting trim would decteasé’ from | 
24,600 tons to’ 22,600 tons, the ‘positions of the center of buoyancy’ and-of 
the lowet’center of gravity remainitig the same; so*that the°conditions’ of 
otherwise satisfactory, would also remain practically unaltered: 

As’ Captain de’ Feo has' well said, the outside under-water protection will 
have to. be ‘intimately combined’ with the inside ‘protection’ by'‘means of 
minute ‘subdivision, both ‘vertically by transverse watertight bulkheads and 
horizontally ‘by watertight decks, ''so"'as to’ minimize’ flooding ‘both’ above 
and below the water-line, ‘and ‘so réducé’to a minimtim the consequent® loss 
of buoyancy and stability. It is well to avoid longitudinal’ subdivisions 
which, by limiting flooding to ‘oné side’ only of a ship, results’ in' a marked 
heeling. “'In’the types dealt with in the present paper such minute stb- 
divisions are not indicated, the schemes ‘as put ‘forward’ ‘being ‘simply’ in 


Armament—In all'the types have'excluded torpedo tubes, which a 
pear ‘to’ me to be ‘inefficacious on board a large ship.’ The armament’ 
limited to guns. The type’ 1 A ‘has 381 mm:,’152°mm: and 102mm. 3; 
in' those of 2 A, 2 B and 3 A, following the ideas of Captain de Feo, I 
have replaced the 152 mm. guns by others of 120 mm., which can be used 
against’ submarines, torpedo ‘boats and aeroplanes. ‘There ‘are also four 
120mm. anti-aeroplane guns, which could be’ done away with, 
In‘ the type’’3 'B ‘in’ the ‘mattér’ of small calibers’ there ‘are but two’ 102 
This is insufficient, and for this‘ tea- 
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son the'type 8 A is to be preferred. In the types'1 A and ‘there are 
is ob- only four 381 mm. guns in two double-gun turrets. On the other hand, 
didoni in ‘the types 2'B, 3 A and 3'B the armament consists'of' six 381 ‘mim. 
feaden guns in two triple gun ‘turrets.’ This’ change ‘from double triple’ ‘gan 
her is turfets appears advisable, since whilst it avoids haVing recourse to saper- 
“ shock imposed turrets, it allows the simultaneous firing’ of three guns per turret, 
which’ facilitates the regulation of the firing. In the'type'? B the addi- 
pted a tion of two guns ‘makes the angle of stability rather small! “This isnot 
sed by thé: Case in’ 'the 3 A and’ 3 B, where it remains latge,’this being a 
y sen of the latter types, atid especially of 3 A; for’ the reasons 
ich I “In the types 3 A'and 3 B the main’ armament ig limited’ to 381mm! 
would guns’ in ‘two triple gun ‘turrets, instead of six guns stillin triple turrets 
Hity 0 but of a ‘larger caliber, or of eight (381 mm. or larger)’ guns ‘in two quad- 
migest of 1 the cénter of gravity low, so as to 
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secure, an angle of stability. s ient. for, the safety, of, the ship. when, im- 
mersed and stability when satire submerged, 

Speed.—When. dealing with the. propelling machinery I stated. that, with 
the type 1 A having steam turbines of about 40,000 besarngmers, a oe 
about 20 knots could be reckoned upon, whilst in those of 2A 
and 3B, having internal combustion engines. of. only 24,000 
the speed was only about 18 knots,: notwithstanding that the hull in these 
latter types was, in length and shape, more favorable to speed, 

Af in the latter turbines were fitted instead of internal combustion en- 
gines, the speed would be about 21 knots instead. of, only, 18 knots:. 
point is against internal combustion engines in_ their present state , Le de- 
velopment... One must hope that the future progress in internal | ‘combus- 
tion engines. will lead, to the fitting on board ship of higher, power: ‘engines 
comparable to turbine power. 

— Notwithstanding. the resistance it, is: advisable 


so a le two. rudders instead of one, or one main rudder in the center 


two smaller, side rudders, to ensure, Navigating the ship if, one rudder 


bition all the. types the conning tower is only. outlined ; 
it would have.to be studied from the points of view of navigating the 
ship and. directing gunfire, 

have reckoned on, one mast only, passing through the. center. of 
the conning. tower, the latter acting as.a protection. The mast carries the 
wireless telegraph system, and can. be lowered to prevent the, ship from 

g seen by submarines. at short distances. 
Ventilation—A | large shaft concentric, with the. conning tower supplies 
ote.—1.am,airaid t tt subma es carrying. ar 
the “M” class.of the. British a speed of 17 knots on. 
surface and, hs pion with a 305 mm. gun, can compete with the, battle mon- 
is: gun no training gear, and. tra crsing is.carri out y. ing 
the. stern of. the submarine fr tine with the target by steering. It.wou 
appear, howeyer, that this method of traversing has given good results. . 
ot much is, known. of these submarines: It, is. known, however, that 
their displacement does not exceed 2,000 tons. It would be. possible. to 
thet for the ‘cost building one monitor of about. 20,000 tor 
ere nstructed at least six, sybmarines, of the same.,s 
which could bly, all the. war, open.,ta the battle 
monitors, .at in. our 
Extra: High-Speed Batlle C iser—As. a com ment to the. monitors, 


which are poweriul ships. both. in. offense efense,, but slow,.I 


battle cruisers, powerful i in Siena and having extra high speed, br 

without amy. protection above or under. water. These were, 9,000: 
ton. ships, havi a. 35 knots, armed. with four 381, mm, .guns.in 
two. unarmor ving, turrets,.and, with eight 152 mm. guns. ane 
type.of ship could be improved, by the, addition of the bulge and of a 
protection, as in the British, Courageous. On, these lines a.12,500-ton 

ip, could be. designed. in, which ibe 162 mm, guns at the sides are re, . 
plated twelve /120 guns along the longitudinal of; the Ay 

there being at the. sides twelve torpedo 
would fire from, ba eships,.. Speed and nd power 
a, Ship, but above all;things, the, shi ip must, remain 

eo, believes that for scouting .it,is preferable. to have 


| 

| 
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recourse to smaller ships of the torpedo boat class, less powerful in of- 
fense but very, fast, such as our, scouts Mirabello. and S, arviero. 

General Remarks.—The present study of battle monitors and light cruis- 
ers of high speed and tied armament is‘only of speculative value. In 
the present political, financial and economical conditions of our country 
it would, I believe, be inopportune to follow an extensive naval pro- 
gram. It is permissible, however, ‘to study new ships. But for the 
present our Navy may limit herself to improving the under-water protec- 
tion of the existing ships, to pay ying attention to the lighter craft, scouts, 
destroyers ‘and others, to following’ closely; above all, navigation ‘under 


water atid in’ the air, both of which’are developing atid’ are destined, bet- 
ter than battleships and cruisers; to provide the: wi the’ ere 


the Admiralty preserve absilite decree)’ ‘yespecting 
the: new battleships, various statements as to their supposed characteristics 
are appearing im the technical press.’ The latest report ‘is that one) ‘of the 
four ships: will’ be: equi with the turbo-electric drive which: has: been 
for all the "big rican warships now under construction: ‘This 
system has not yet been tried in’ the’ British Navy, ‘nor‘have:' our: naval 
engineers shown ‘any noticeable enthusiasm for it; but! the! fact that it 
given complete satisfaction in America'proves it to ‘possess certain marked 
advantages ‘over ‘the gearéd turbine arrangement, ‘Exhaustive trials car 
ried out ‘with the New Mexico; the first big warship to have electrical trans- 
mission, ‘show an important saving’ in and superior 
manéuvering' powers as compared: with ‘other ships. With:the adoption of 
the electric drive special astern turbines can be dispensed with, for while 
the main, turbines continue to. revolve, in. son direction ‘only, the. electric 
motors which ‘they actuate are reversible. 
Electric drive .is often referred, to .as very. complicated ; i in. it. 
very, simple. ' Besides doing awaywith astern turbines, it does away,, w: 
gears by permitting the turbines .to rotate, at; rig normally, high 
peed, at. which they. develop, their. maximum efficiency, and. the propellers 
turn at, the comparatively low speed. which gives! them their, maximum 
riving efficiency. Hitherto the British Navy has almost always been 
first in engineering enterprise, and but for the exigencies of war it-might 
have maintained that lead. Even as:it is, our’ Navy-holds:the world’s re¢ord 
in more than one bratich ‘of’ engineéring, such as’ the’ application of' ‘the 
geared turbine to ships of unexampled steaming, power, and speeds. , If we 
are now about to adopt the electric: drive: it:is ‘because the internal-combus- 
tion’ ‘engine isnot yet’ sufficiently developed fo“warrant ‘its it 
great, ships of high speed, but. that the future belongs to, this:type of 
is not pion na questioned by anyone oe ranks as an authority, ke 
Naval and Mili itary ‘Record””’ June 
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GEARS ON: AND’? 


in the of: 1920,; These, are “Experience and Practice in Mechanical 
Reduction in War (April 9, p.-474), by, Engineer-Commander 
H. B. D. (read: before the Institution of ,Naval. Archi 
tects in March), and your editorial, “ Reduction Gearing on Steamships, 
May 7, 1920, page 599.* Might I ask room for the results of a careful 
analysis of these as they seem, in-a remarkable degree, to justify:the an- 
ticipations which gave rise to the invention of the floating frame. and I 
trust the analysis will be. f und to. throw. light on the present situation 
which, at least in regard'to dotble reduction gears, is n6t-a very happy one. | 

Commander, Tostevin,.( Vol. CIX, page..477; ‘Vol. LXU,: page 
133)t states!the “empirical rule,” which. has. ‘very .Jargely 
been: adopted:in Britain; where p+= the tooth pressure ‘per inch run; 
constant; and'‘D the diameter,of the pinion. . This, same: rule was) also de- 
ducéd in.a:theoretical:investigation:given Engineeririg” (Vol. CII,: page 
119) which» seemed::to full account: of the essential: ‘facts, 
Inva:letter (Vol: 1: gave reasons which: seemed’ to. indicate 
K,D was much it was with great 
interest: that. I found in your editorial CIX, pages’ 599 and 60%): that 
researches based;on entirely different: considerations go far ‘to:con- 

firm this view—called by you!“ the American view”; though, unfortunately; 

That the “ 'D we: for ‘brevity call does inot 
theoretical truth follows at once from the fact that°if applied to similar 
ae the stresses in the metal'of the smaller ones will be ‘ rand will 

ise’ without limit'as D diminishes toward ‘zero. ‘With the “ D rule” these 
stresses »will be constant.’ I have discussed this question somewhat’ fully 
in former ee and will not take your valuable space to rediscuss it°at 


t 


ENGinggss, yol, 8 and: 4 


Tt would add ‘greatly’ to the length of thie paper to 
ferred but what is written, will be much! more fully i if these references, 
In such references where: no publication is. mentioned, “ Engineering” 
to linderstood, The f following factions are also 
TI LE, & S. = Transactions ‘of the” Institution of Engineers. in 


LN netitution. Architects. 
T.S.M = Transsetions of the Society of Architects 
(American 


J.A.8.N.E. == JOURNAL OF THE AMERICAN rapide OF NAVAL ENGINEERS. 
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nage 416.) ‘As the'D role” givés the ‘same’ valle of the power constant,* 
for all diameters of ‘pitiion, and’as the validity ‘of this law has always been 
assumed’ in designing flodting frame gears, there is now'a large body of 
evidence for the truth of the deduction. “The “V'D rile,” if properly 
termed.;“/empirical,” must have been founded on experience with rigid 
rs.. The details of that experience I do not know, but as the rule has 
en generally adopted in Britain it probably is an expression of the ex- 
perience. of a number of makers—possibly of many..The apparent dis- 
crepancy indicated by the use of two rules pugzled me for a time, but as 
fully stated in my Ctasaogr paper referred to aboye, the reason must be 
that the larger gears are, in one impoftant ‘respect, not similar to the 
smaller, gears ;, that is, their bedplates or casings will be relatively thinner 
and;more elastic, The. rigid gear depends almost entirely on the: rigidity 
of its fasing. while the floating frame gear does ‘not to nearly the same 
extent and, hence, it appears perfectly natural that while for large gears 
e.use,of the floating frame allows the value, of, toning 
be Kent up, with rigid gears it must be diminished. This will be. found 
A rigid in eyery. redundant 
the danger, of unequal, distribution, of. stress, makes. it. imperative that +t 
designed stresses be kept much, below, those which could be employed: safely 
vere, the distribution definite. If we supported a gear, wheel with its axis 
horizonta and brought up the pinion to, it, without, placing it in hearir 
the involute teeth with a ‘all along ‘the helices, 
we would, as is well. known, find that the axes of gear and: pinion were 
prem whatever the distance of centers. If both axes are, im. the tine 
orizoutal plane, it would be impossible to rotate the pinion axis in the 
vertical plane to an amount that the finest gauging could detect, without 
wholly upsetting the condition of uniform tooth pressure. But the relation 
of these axes is alsa-determined by the bearings’ in‘which the gear and 
pinion have to run; and this, obviously, is a perfectly independent condi- 
tion. It is only by painstaking-care that they can be made approximately 
consistent. It was to remove this obvious and great redundancy that the 
design made in the following year. It was-the design | wholly suc- 
cessful trials of this gear in 109 which gave the need impulse to the 
recent great development of the geared aasnine, al 
Long before these trials I very carefully calculated’ the elasticity of the 
teeth, due both. to flexure and shear. Such a calculation is only a rough 
approximation as the usual formulas do not apply to.a beam so. very short 
in proportion to the dimensions of its cross section; and they. do not, follow 
the stresses: into, the body of the pinion. and gear. The result, is probably.an 
* As fi haye to use | wer constant; its. 
(See) Vol page to atl nals ep olpige tan 
| It applies; exactly, to similar gears: andy tly, overi‘a considerable 
best ratio of helix length to Binion 18 
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under-estimate, but not greatly.so.. The circumferential pitch was 114 
inch and. the helical angle 30 degrees, The load supposed in the calcula- 
tions,on one.pair of teeth in contact was 1,000 pounds per inch run, The 
sum of the yields of the pinion and gear teeth were as follows:— 


‘Unit, 1/10,000 
ifich, 


527 and footnote. The figure .0007 in the footnote should obviously be 
.00007.) “I will revert more fully to this important question. °° 
“Considering the rigidity of the teeth, the redundant structure, and the 
elasticity of the casing, it is not surprising that Commander Tostevin gives 
such a prominent place to questions of alignment and distribution of tooth 
pressure, by frequent references all through his paper, and Mr. ‘Walker's 
sympathetic ‘commendation (Vol. CIX, page 472; "T.I.N.A. Vol. LXII, 
page 141) of the treatment of this stibject is good evidence of much vyexa- 


one other facts which he details find simple and consistent explanation in 
€ opposite “bélief. “While proper design can give a maximum of rigidity 
for a given weight of metal it cannot make iron and steel inelastc materials 
nor can any calculation forestall subsequent.severe concentration of tooth 
pressure in service (Vol. CIX, page 478; T.I.N.A. Vol, LXII, page 134). 
He then refers to ships where relative motion with misalignment’ took place 
between the turbines and gears and states: “In later, designs this ,move- 
ment is not possible, as the after-ends of the turbines are now-supported on 
stiff extensions. of the gearcase,:the ‘whole: installation ‘forming’ a rigid 
unit.” page 478; LXIT, page’134.) "The ¢on- 
struction is “perfectly proper, but, to ‘say, that this long unit is now, even 
approximately rigid and movement impossible. seems: to me.aigrave mistake: 


| 
Point of gear tooth engaging flank of pinion 560° 
¥ “Teeth engaging at pitch 
Point of pinion tooth engaging flank of gear tooth..... 
‘T have, always maintained that’ an error’ of alignment ‘of 
ig 1/1,000 inch in a bearing is important. If so, every casing, except perhaps 
: those of very small gears, must be looked on as sensibly elastic structures. 
i. It is a frequent belief, and Commander Tostevin seems to share it (Vol. 
ig CIX, page 478; T.I-N.A., Vol. LXTI, page 134), that cleatance in’ the bear- ; 
1 ings removes the difficulty; but Professor Osborne Reynold’s investigation 
he of the theory of lubrication lends no countenance to this. (Vol. CII, pa 
Commander ‘Tosteviti believes ‘that the ‘casings do ‘suffer distortion 
under’ working conditions (Vol. ‘CIR, ‘page 478; T.I'N.A, Vol. page 
134) though ‘the low power constarits Of the gears given in his’‘Table 1 
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The complete structure is much’ ‘more elastic than are the two parts—the 
turbine and gear—each within itself. However ‘heavily: built, its elasticity 
could be readily proved by supporting it’ in the middle'and bolting it down 
at the two ends, That this is not an exaggerated test and that it hasa 
“counterpart in ‘reality is proved by the first paragraph of the“ Extract from 
Admiralty Specifications” (Vol. CIX, page 480; T.I.N.A. Vol. LXII, page 
139), ‘which provides that the accurate alignment of ‘the gearing will not 
only be tested in the shop’ but afterward when erected on board ship): The 
first two paragraphs bear coricliisive testimony ‘to the well-known’ delicacy 
of aligning, and clearly reflect a large amount of troublesome’ experience. 
The casé is even ‘stronger than I have sofar stated; for it is important 
note that the specified double test, in shop and ship, refers to the gearing’ 
alone, thereby recognizing the very important degree of elasticity which its 
casing possesses, to which Commander paper otherwise bears, ‘80 
much évidetice. 
In ‘the combined structure there are’ ‘fw (or five) turbine and pintoli 
bearings, which should be brought into line well within an error of 1/1,000 
inch; and the same must be done for’ each pinion meshing with’ the large 
gear. This reminds ‘one in ‘a very exaggerated degree of ‘the difficulty of 
the laborer, with which all gear builders will sympathize, who could always 
get two posts in line but never three. An adjustment so delicate is surely 
subject to displacement by the slightest accident and may be upset at any 
moment. This cannot be guarded against by repeated tests—it constantly 
exposes the gear to danger. ‘Indeed, the limits being so fine as the rigidity 
of the teeth indicates, there is no reason to believe that uniform distribution 
of tooth pressure under. working’ conditions can be assured even initially. 
Red lead, or other markings with a sensible thickness of film, will not do 
this, and it cannot be told whether it has been attained by subsequent 
examination of the teeth (Vol. CIX, page 479;'T.I.N.A\ Vol. LXIE, page 
136) as there are wide limits of pressure within which the teeth will take 
a fine polish. Indeed, if there are fluctuations of’ alighment a beautiful 
pallor novell ‘igh result though at times the teeth were not bearing 
along their ‘whole length 
While the tieing together strongly of the turbine and gear casings is 
obviously a correct and very eee thing to do, surely it is not good 
practice’ 'to depend on it so entirely for ‘good alignment if gthis can be 
escaped without detriment. If*it) can be escaped, as-I believe, with great 
advantage’ this dependence i is less commendable ‘still. © 
There is a very interesting passage (Vol. CIX, page’478; T. LN.A; Vol. 
LXIL, ‘page 134) referring to teeth on which the load had not been dis- 
tributed ‘over the whole length.’ The conclusion reached is that the helical 
angles of the pinion and gear were ‘not ‘the same. ‘That this‘was due to a 
slight ‘slow slip of the pinion in the chuck” is hardly credible as the slip 
would ‘have to be extremely uniform to leave a’ presentable stir face. This 
difference of angle, I am informed, has‘also’sometimes occurred in the ex- 
Psa of the Westinghouse Company. It could not fail to be° detected 
the shop from the markings of the teeth when first ‘run together. ‘It is 
fever of large amount and I could not imagine a maker of these fine gears 
so unintelligetit as to leave it uitcorrected. Commander Tostevin’s deserip- 
tion’ of ‘the result is not quite full enough to say definitely what tappasied 
but if the helical angle was properly corrected, there are still two possible 
explanations of the observed results’ ofily putting forward sup- 
fees which may ‘be examined by those who have access to ‘all the 
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(1) If, the hard bearing occurred at, both ends of both, right 
baed helices it is: precisely ,.what.:would, occur. in a 

change of alignment, if the loose, coupling between the ti turbine ne sind € ile and 
pinion were acting; properly,. 

the: hard bearing. showed. itself ‘at the outer end, ‘one or, ‘both 
helices it’ might be. due ‘to. misalignment ‘accompanied by,; 
the loose coupling,.through wear roughening the pins or, other sliding pa 
and making them, offer too great resistance to end motion of the. pinion 
The loose couplings now in general use are a menace to any gear., 

Perhaps. it.is not. realized by..all how high the maximum pressure will 
become fora slight change,of alignment, I have before me the report of a 
‘rigid: gear examined after. it, had run a perfectly, satisfactory trial... 
end of one helix: the teeth were not, bearing at all for fully 25: per: cent 4) 
the length of the helix... In Fig. 1, ab.is the face of the helix and an exactly 
even distribution of pressure all along this helix may be represented. by 
the dotted line cd, But the bearing was only from.¢ to. b, 
of ab. The pressure must have risen from. zero at.¢ maximum. at. 
approximately. as represented by, the straight. line ¢f.; For. 

and power. obviously. the area of od: 
equal f0 that Therefore, ... tithe cals 


denoting. the uniform and maximum pres- 
and P respectively, we have 


ows 


This or an 1 even greater mar, gin, must be siouad for in the constants 
used in designing a rigid, gear, It is a condition which does not and cannot 
oceur in a floating-frame gear... The;only reason for inventing the floating 
frame was to avoid: such a detrimental. and, otherwise unavoidable. distri- 
bution. I have explained the simple dynamics involved in several papers* 
and need not repeat here; I hayejalso shown that if a pinion in.a floating 
frame, goes slightly, out of line; from any cause, such as the wear of the 
bearings, it automatically does..so, by a rotation about an. axis parallel to 
the line of action, of; the teeth. (Vol. CI, Page 479). “ Errors of Ali 
or T.LE. & S. (Vol. LXI, page 33) and that such a rotation, until it. ‘has 
- reached a far greater. value than would. occur in practice, would not, sen- 

sibly affect the; good distribution of tooth, pressure... A curve for, the la 
experimental. gear is given of opening of contacts, at, the outer ends of, ah 
helix, due, to. sucha rotation, supposing; the teeth absolutely .ri It shows 

arc, negligible so ras, the action of the t is .conc 

Further, in, sucha if, there . is horizontal error there can, be-na 

errors |;, 

This . valuable. automatic, ‘adjustment has no, counterpart in the rigid 
gear; though Mr., R..N. ‘Walker. and, I believe, some. other builders seem 
to\suppose, since there is “always a certain amount of natural: flexibility 
in all such structures”; (TLE. & Vol, LXI,, page 365), that, self aligning 
takes place to; some, extent in, rigid gears; not r izing that this flexi- 
bility is, responsible; for far, the.greater: part of. ie Sica of, alignment 
so,impressively shown iby. the two papers, under discussion, Keeping, align- 

"Or see the editorial in “ ” (Vol, LXXXVIII, page 877), written’ 
fore the first gear was tried; especially ; 
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best for Jubrication ‘is: hot advisable aiid, the pinion. will ‘not! ‘seek’ the 
allel position. To definitely ‘supply any lack of stability struts are’ 
ab on the floating frame: 

‘In the letter I'referred'to above (Vol. CII, page 527) T Phi 
_ that Professor Osborne Reynolds” mathematical investigation of Mr. Beau- 

champ Towet’s experiments opposes the belief ‘that there’ can be valtiable 
self-adjustment Of the position of an oil-borne journal in a bearing. ° But 
it at onte follows from his’ investigation that even if the adjustment were 
sufficient ‘to ‘Consider it would fot serve the purpose desired. If the line 
fromthe center of the bearing and . passing eta the ‘position ‘of ‘mini- 
muri thickness of the ‘filtn oil coincided with the direction of the resultant 
pressure; as in (600, Fig. 2)—or, what is very neatly the same, “was 

rallel to the line of action of ‘of the teeth—and if the parallel position of 
tie axes were stable, the automatic adjustment, if very slight, might be 
exact; that is, the’ rotation of the pinion axis would be about an axis 
parallel to the line of action of the teeth (as it always is when a pinion is 
held iri a floating frame) if during such rotation the minimum thickness of 
the ‘oil’ film ‘did ‘not change. If the adjustment were la so .that ‘the 
movement ‘of the journal center were a sensible fraction o “its tadius, the 
total rotation, constrained as ‘it is by the curved fifface of the bearing, 
would * obviously be ‘about “another ‘axis, varying in direction as ¢ 
adjustment’ ificreased. But ‘the’ position of minimum thickness of ‘oil film 
is always ‘at a considerable angular’ distance from thé point just indicated, 
not less than 40 degrees, Professor Reynolds shows, and in some cases 
much more. Thus the axis of rotation about which adjustment would take 
place would be far removed from _parallelism.to the line. of- action, of the 
teeth and rotation about it would-be harmful. 

Therefore, relying on bearing clearance is trebly wrong: a) The axes 
tend to depart from parallelism.(2) The-oil film does not allow of sen- 
sible adjustment, (3) If adjustment. did take place, the action of. the oil 
film is such that.it would be about a wrong axis. 

If all stated above is correct we would expect to find low power con- 
stants used with rigid gears. Calculating from the data given by Com- 
mander Tostevin in Table I. (Nel page 4 476; T.LN. Vol. LXII, 
facing page 132) we 


pressure 


"The average value forthe H.P. pinion of 
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and tiiost of them: this value, that’ witht 
floatiig“frante gears, in which~the: ratio: isialmost) always: very near’ 
(since the tooth face is twice the helix length) the use of the power con- - 
stant be objected to: For the LiP. smaller, as 


in I these are pearly always in diameter than the H.P.* 


power Constants 0 fidatin Fate’ geats are. usually ‘much’ larger 

than those just given: the. gears, or where tooth’ pressures’ 
have been specified; or where a pattern Was used for a smaller power than’ 
the original design, comparatively low ‘power’ constants may ‘be found ; 
but even before 1916 power constants of 4 had found'to’ be qiite'safe 
(Vol, CI, page 492, Table; or see T.LE. & S., Vol, LXI, page 349 ea 
The United. States. collier "Neptune. has a pinion diameter of 7 inches and 
the, breadth of is this, ‘which 1 Befieve is the 

e ratio. verthe average’ power constant on ‘the 
ull’ power trial, November 17, 1945, was at 14.28 Knots 
the speed being 14 ‘knots. Diiritig ‘the war hard“service. 
At the, ‘gear were in excelfent condition: and’ show “Tittle. 


house stiops’ in Easington’ ‘recently 
‘Gen is not the limiting ‘safe r constant, 
and T have long urged them ‘to build a gear ‘with ample ‘bearings so that. 
ey would run cool at a. power 8 or'10. Tam ‘sanguine: 
indicates these values might be safely reached with 
rame 
As” question of the safe toad is of the 
ill a 2, ftom'a paper CREM 
“ Progress of Turbine Sie Propulsion” ( "xx 


and Plate 31 with slight addition), It Rives the tooth’ 


on pinion, diameter. both according. to the “ VD. rule” andthe “D rule.” 
The curved lines represent the first for values. of K, in. pK D).. of 
175, line: represents. the, rule”, for a::power. con- 
‘stant supposing total tooth face to be 4. pinion: diameters. 
small circles. give: actual. tooth ipressures of. some floating-frame marine 
gearscat the power for contract speed. Some of! these ships, hall: been jin 
use fog: youre: whet this! diagram wae all, age: det ede: 
now. Every: turbine hasan; capacity of 10 to:25/pericent or more, 
and as the power constant and tooth pressure: vary. approximately asthe. 
two-thirds ‘power of the horsepower) for marine scares Cirele: falling ‘on 
the straight line for: floating-frame! gears would’ indicate.a.power constant _ 
of 1.2634;0r. over, ‘that is from. 3.5: to: 3,8; or. 
over. (Where the: small ‘circle: falls: wright of the: macichum: 
power constant is: still, hi 

The-tooth: pressure: in 2 for: the United, States 
6,500 total: horsepower at 1,910 of: pinion... The average full:power 
twelve-hougs’ trial gave 7,175) horsepower’ at of pinion} which( 
Had the total: tooth. 


th jee tn Wable- 1, acodatuated ‘by 
for: pr of (Vot. CIM,’ page: 476; Vol page 182), bat 
teeth being the. t 

deridiim ‘of the ‘gear 
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been made ¢ diameter of pinion intend of 6:5 which reduction would, 
believe, have made a better and would. have still 


further increase of tooth peature inthe ratio 29 per cont, ‘This 


illustrates the danger of us ing only footh pressure in designing “a a 
mean tooth pressure will.also reduce the factor of safety. - 

Commander Tostevin’s. page 476 have—_ 

Maximum value of 

“Minimum value of = 152. 

Mean; yalue of K = 197. ite: 

A just comparison can, be readily dediiced Fig, 

If, we have two, similar reduction géars transmitting the same Bi : 
the same speed of pinion, it can. readily be shown (Vol. CI, page 520) that 
the, weight is inversely propgrtional to the power constant. ‘The power 
constants, given above, for ate S. Hood are 1.424 for H.P. pinion and .809 
for L.P. pinion. Hence, allowing for the weight of the floating frames 

and sequired changes: in the casing, and without exceeding the power con- 
. Stants now in common use, it is within the truth to state that.a 
frame gear to ttansmit the same power as each of the Hood’s could safely 
be built ft on “half the weight. ether the reduced pinion centers could 
haye been. adopted in the Hood depends on the clearance between the tur- 

; but, if the total reduction of centers could not be made, the length 
of the. tooth. face. cold have been shortened, thus saving much weight. If 
the lenge speed has been determined by a desire not to exceed a certain 
pitch line speed, it can now be increased ior the save propeller speed) with 
an medley vg sity Saving of weight, for, though the large gear diameter asin 
be kept up to give the greater ratio of reduction, the saving of 

in pg two turbines would, no doubt, far more ‘than compensate ‘this c 
creased weight of the large gear. 

There seems no reason‘to doubt 'that the: relative: weights of direct: 
and all-geared sets (Vol. CIX; page 479; T:I.N.A,, Vol; LXII, page 188) 
could ‘thus’ have’ been ‘considerably modified in favor of the latter. 

The:tufbine and gear'then being connected by an elastic driving shaft i in: 
addition to'a loose ‘coupling, there would not only be almost complete inde- 
pendence of the°elasticity of the gear ry but also of the’ more or less 
elastic: junction of the:turbines and gea 

‘Commander ‘Tostevin' writes: (Vol: x, page 478: TI. Vol: LXIL, : 

_. page 134) of the disadvantages of the floating frame shown ‘by experience 

~ over a number of years but, unfortunatély, does not state what he has in 
mind ‘or:I would gladly have discussed’ them: I>know of none: ‘On. the 
contrary the floating frame has performed far beyond my most ‘sanguine 
expectations, allowing the safe use of much higher’ power ‘constants ‘than 
I anticipated. It annuls completely delicacy of. alignment—that great bug- 
bear ‘rigid gears—and' was ‘devised ‘because this great ‘difficulty was 
clearly foreseen. It is mire firmly fixed im the favor ‘of the Westinghouse. 
engineers than ever; and the responsible authorities in the Navies of the 
United Sigtes and Japan, who also have first hand experience, do not seem ' 
to share the opinion expressed by Commander Tostevin. | It will, 
before this: is printed, be in 36 United States destroyers: and is now. in 30 
of these which have performed perfectly ; and ‘one of these, the Satterlee, 
holds the official record. in its class, 38.25 knots, with a tooth pres- 
sure of 1,175 pounds. per,inch on a pitch diameter of 10.227;inches— 
- astuch higher ‘pressure than for the-Hood whether compared’ by the “D 
rule” or ised rule,” and every allowance made for a rather short tooth 
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NOTES. 
This | anese have. built The te 
fter a 1 sizes, from and building (Vol. CIX, tooth pressure of 
educe frame small a large horsepower of 599). The Jap- 
is also ‘evenly distri and wear, nearly doube 
yer at q he known Tostevin seem ially in the hurey of 43 
Ythat ff were they ils, he would have rec have heard the war orders. 
that @ attributable to the ‘some report 
power eé 1) For reasons’ which ‘floating frame. that in no’ single but, had 
d.809 engineers, @ long addendum toot! instances instance 

usual ng one th ‘was adopted in’ the Wi ; 

sual addendai| Co tooth in: the the pini ‘estinghouse 
ength geneity in the ste and somer counted by the ight ape 
length 500 and the od gomembat loose satire im ples impetfections of 
he Pitch lines ae contact ot the 
thn il dee m the theory that’ invokes ntact (Bes Val. 
ve pee ‘ore ‘me of sometimes occurs Jine.d the oilt! ; 

flow of gear than on (Westinghouse caginee is: mot it 

dnde- the the tooth ‘base whet! driving fro toa slight * 

the sting toward the pith ine dhe ne. is, fromthe slight 
gear as the Of itself ie But on th which is so 
we in: surface pressures probably not en rections and flo driven. gear tooth 
LXII, tooth’ the intensity, remain explain low -will build up .a | 
shouldbe noted. that another ily worked) "and’ consequently has 
bug- faces. ths at cause, of the ridge is 
fe ridge appears) on the pinien,, asion will ‘combine ‘with face 
house. in causin; is cause. "Hower which, I think, parts of: the creased 1 
the the: 000-hotseps greater. pitti produced = sur- 
bably narrow strip helix, whidh gave a 
in 20 judged ithe peighborhood ‘trials and 
Pinion which was, quite forthe purpose. ‘This eae, piteh tine 


earlier part of the arc of contact, as usually designed, was cut off and the 
latter part extended... When the teeth are approaching the line. of centers. 
the interstices are diminishing and the oil squirted.in very thoroughly lubri- 
cates:the surfaces. But there isi very little space for oil to pass the, line. ot 
centerg,and after:this.line.is, passed, the are, increasing. 
combined: effect of the limited. oil.supply, the pockets more than, sufficient 
to. contain it, and the high centrifugal, force, is that the teeth are! worse and 
worse: lubricated: the endiof the'arc of contact. is, approached. Conse, 
quently, teeth so designed very readily cut, In SS, Agawam, the first of 
the.war-orders to go out, the: teeth: cut on several trial trips, after, which 
a careful investigation was ‘made, by trials of gears in the shops, before 
the cause .was definitely found. Also, an examination of. previous records 
showed that all the geans which had unless:\where it) was, known that, 
lubrigation had . failed, had. the addendum :pinion tooth. all cases 
where cutting: had occurred due. to: failure of jubritation, the teeth smoothed 
and polished again, when supply of oil was re-established... These investi- 
gations .led..to: the remaking ofa very. large number of pinions with.an’ 
extra tooth at large cost of both money and time and, naturally, great ani- 
noyance, When. these. pinions were installed this difficulty vanished... . 
(2): When. the first of 34. destroyers, United. States, Clemson, was tried 
the gears were found to be: excessively noisy; so much so that the Navy 
Department’ ‘refused to accept'the ship tilt they were made quiet, ‘This: 
led ‘to’ a second tedious and fothy investigation in the shops before the 
cause was. definitely found. ..The application of the remedy, which in no. 
detail altered ‘the: floating-frame’ design; has: resulted in the Clemson: and 
all-her sister‘ ships having gone through their in an eminently satis- 
factory and the gears have been quiét..As. noted one of. 
holds, the official speed. record. in her class,. From (Vol. CIX, page. 


Bre ‘it appears that) the: foregoing’ difficulty also was experienced in: 
ritain 


(3) Also. as in Britait, there beéh some cases of teeth 


Always, where.examined it was.found.to be due.to defective material 
no case had the design to be changed;: For. instance, during her return’ 
from France’on her maidén voyage some teeth broke out of the starboard 
high-speed, pinion of the Sudbury and. she had to proceed. to port 
low. pressure turbine only. Examination showed defective material, 
pinions’ are’ similar, ap to material: and design, to 25 “other Pinions’. 
success fil operation.* 
It ‘may. be interesting to, note; that. in, .floating-frame gears. it has not,been. 
found somes to use nickel-steel in the pinions as is specified by: the: 
Admiralty’ (Vol. CIX, page 480; T:I:N.A., Vol. LXII; page nor née 
the dang of more complex alloys be incurred. Wot, ¢ 479), 
Td. N.A., Vol. page 136)... The fact that good carbo answers. 
all. purposes, notwithstanding’ high. power constants, ‘is. a further ind dica-' 
tion that all’stresses are well distributed. 
There have. been, some of lubrication and there. always. will 
be. Against: serious accident: this. the floating frame is:in some 
stances: a-great protection! Thus, in one of the destroyers a bearin 
" the main gear burned out and ‘the ‘bearing went down 60/1000 inch. 
had no effect on the teeth as the floating frame, elastically »mou 
allowed'.the pinion:to accommodate -itself to.the changed! of the 
erigid gear point’ would have been produced; 
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) About 1912 there ‘was installed’at the works’ of the British West- 
(now ‘the Metropolitan-Vickers ‘Electrical Company, 
ited);' Trafford’ Park, Manchester, England,a floating-frame gear. It 
iwas type'in which the pinion bearings are\supported on 
hydraulic: pistons—a type to which I all along objected)as it, is complex, 
delicate, and costly. It has: been abandoned years ago.and the ‘original. I 
‘beam ‘construction reverted to. However, many of these gears acted. per- 
‘fectly, among others those of the Neptune, which gave the high power con- 
‘stant of! But the: Manchester gear seemed: 'to get, completely. out: of 
and was: exceedingly. unsatisfactory... -Mr. Basmann, 'Chief 
echanical Engineer .of ithese works, assured me: this, gear) had only 
ught.a bad. reputation in: Britain; which, I can well The 
itan- Vickers Company haye now, installed a. of ihe 
of the'T beam type, which has none of the delicacy ot iy of the 


leaving Commander, s paper 1 wish to express appre: 
iation, af terse: and clear statement facts and 
ugh. I have endeavored to show. that, some of, these, on closer 
demonstrate. the: weaknesses ofthe rigid gear construction, that, 
from the fact. of its being a worthy, eantribation ‘the of 
The facts stated. in ‘Engineering’ ‘ot May. 7,, 1920, ‘page, 599, of ‘diff 
xalties in. with second reduction pinions, have interested me. 
t. dificulties with the.second-reduction pinions of floating-frame; gears 
to: ‘add a, material fact which a 


gears ill, not stand the load “ 
y 
Emmet (Vol.,CIX, page 599). the 
was. than. one-quarter of, that. on. land. 
for, December page, 37, 

not:.the, 


he gearing commence lorate in a very, short time 


“One owner reports, mae light in a arty loaded 
ition, the gears appa y, dunctione y, with L very: 

when, fully loaded he, pinions, wore, ont mt 

one, voyage. 
istallation the gears from every. four to: six 
and ace them with reciprocating engines, while 
other. instances with practically, the, same, have been in 
short runs for, over. six) ‘the last, exam- 
shows ed no appreciable wear... 
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plicated, that they will require perfect alignment, at.all times ‘(whieh is a 
ficult aboard, ship, owing to the change in, the vessel's base line, from light 


Mr. Brown has here:/forcibly described as coming, within his experience 
‘much: that was) clearly foreseen before the floating frame, was devised to 
temove. these ‘very difficulties, have seen that: the adoption of the 
empirical “VD rule” was probably forced by the abnormal rise of elasticity 
of the larger gear casings. But in a double reduction gear which has, as 
is usual; both gears ‘in one casing} the fore and aft length is very consid- 
erably’ longer than for a casing which would hold:the ‘second reduction 
gear alone; for in the former the second reduction helices have tobe parted 
sufficiently to accommodate ‘the first reduction gears. It is also much 
broailer; and, where there are two high-speed and two low-speed pinions, 
‘ass! ‘most’ ‘common, it is very much broader. ‘Hence, if I am correct as to 
the reason’ for the rule,” stich’ a’ double reduction gear should re- 
ite a lower ‘power constant than'a single reduction’ gear’ with the same 

ameters and length of helices’ as in the second reduction. 

I think it is evident that the strain to which such a casing offers the’ least 
‘resistancé is racking’ in’ which’ ‘two ‘diagonally opposite corners are 
‘ported and the other two’ pulled down. ‘If anyone will take a fairly’ 
piece of cardboard or'a flexible book atid submit it to such a strain 
easily ‘convince himself that no other strain will so readily produce mis- 
alignment of the second reduction gear and pinion. And, also, that’ the 
alignment of the first reduction gear and pinion will. not be so much dis- 
turbed;’ partly due to the cehter distances of ‘the first reduction ’ being 
smaller than that of the second’; partly ‘because this reduction lies near’ 
‘stiff longitudinal’ wall; and,’ thirdly as ‘the average moment racking 
‘part of the casing is stnaller than the average moment affecting the parts 
nearér the longitudinal center line, This last reason applies with éspecial 
force to those double reduction geats which have two high-speed’ and ~ 
low-speed pinions, referred to above. Hence the second reduction 
should’ be ‘most liable ‘to’ damage and, as the pinion teeth are most’ free 
quently ‘engaged, they should. suffer’ most. 

‘On the other hand, if the gear can be made nearly tbdependenit of “fil 
slight rackitig’ of the casing the ‘results should be reversed ; for a flaw in 
the ‘material ‘large enough ‘to produce fracture in the small teeth of’ the 
high-speed pinion would be, relatively to the coarser pitch of ‘the low- 

‘speed fpitiion,’ so ‘much less important ‘that frequently it, would cause no 
damage. Hence, if I am right in claiming’ that the floating frame gives 

‘stich immunity, the high-speed sepa ‘should have have more cases of broken 
teeth, which, ‘am informed, ‘ig ‘the ‘case, 

Tt Should ‘tot be necessary to lower the power of the’ second 
pinions ‘and’ Fig: 2 shows “that ‘fn these much ‘higher tooth ‘pres- 
sures ‘and power constants are used’ in floating-frame merchant gears than 
in’ the single-reduction gears ‘of British warships; ‘These power constants 
cover a‘range up to 3.45 (without overload). Few have had serious trou- 
Ble and the large proportion had ‘none whatever, although many of the 
ships have sailed between one and two hundred thousand miles. . Practi- 
cally all of them show some pitting’ on the ‘tooth surfaces but this, appar- 
ently, has no effect ‘on. the operation of the unit. ‘The tooth ‘surfaces ‘a 
in good condition and in the few cases where any wear has occtirred’ 
has been due to bad oil or a dirty oiling system. On removal’ of these 
conditions wear stopped and ‘the teeth repolished. In contrast with this the 
in’ rigid Bear's seems to be serious and progressive (Vol. ‘page 

Mr. Brown, in the’ ‘quotation, writes of the difficulties at- 
taining perfect ‘alignment being apparently’ overcome; ‘but the” double 
checking of alignment, in shop’and ship, specified by the Admiralty should 
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and in the of>the: engineers.: No are anoma- 
others’ have short lives. 

’Thecslight and repeated: a ‘the bedplate’ of rigid caus- 
ing: intense: pressure first at one part’ ofthe teeth and then another: would 
fully account: for’ the éxcessive wear (Vol. page 599)! 
and against this the plastic flow of the mietal page: 600),: which 
probably io¢curs' to a slight extent, is no protection. I.agreé with the opin- 
ion‘ofthe writer ‘of the ‘article of May. 7, (Vol; that:the 
policy*of decreasing the tooth load is not well-based. As this would make 

the casing still larger and more elastic, unless:cast- much thicker, the: rack+ 
ing would increase and, partly at least, decrease ‘the advantage: 

think it will: be conceded, ‘on reflection, ‘that: the ‘have 
gut forward is not only: consistent in alt: that it fully: accounts 
forall the:outstanding facts.) 
accuracy Of what Ihave stated:by applying.it to the case 
of the De Laval gear (Vol. CIX; page 600)' that shows: . » wide discrepancy 
from ordinary’ practice which the thought requires accounting: for. 
I have previously treated practically thissame' case ‘in ‘my’ paper 

s 

This! De: Laval gear: has: along. pinion two gear 
In the:case:I treated:the inch: pitch diameter; or! 0.038.inch 
larger than cited (Vol: page 600), and)each helix is: 9.5 inches, long. 
There is: no center bearing, so: that the bearings are:about:20-inches apart, 
or:nearly 8 diameters: It meshes'with a gear wheel: each ‘side! of! 29.664 
inch ' diameter. ‘Thus, instead of the usual redundancy of>a: rigid gear— 
the: pinion meshing with one gear and also constrained by the casing—-we 
have that redundancy practically doubled... We have a large ratio'of re- 
duction—11.677— the: the »casing very: broad and ‘the 
long: pinion making it long ;)and, hence, relatively tothe double: reductions 
under consideration, we: havea very elastic gear Case. Again, the pinion 
is so long and ‘slender that: the‘ torsional-error wilt be important; » Lastly, 
unless exactly equal power is transmitted through each gear wheel, which 
can by no means be assured, the pinion is subjected to crone-Bediting ‘which 
it. isin. no way. calculated to withstand. . The: power constant be. 
pected to be very high as both: sides of the pinion are driving, but 
ohly 1.738 and the tooth pressure per inch is 37 ds.* 

lis result cannot be ascribed (as in Vol. CIX, page 600); to varaions 

of torque and high angular. momentum. of. the. turbine wheel in the: large 
classes: of: cases where: the gears drive duplicate’ generators, centrifugal 
amps, and centrifigal fans. I think, jnstead of a tally the ‘very 
Po: 


of pinion . driving stated the oth, ati twice. its 


NOTES. 565 | 
everyone doubt ‘if, in many’ cases, this: is: not more apparent, than 
4 real!’ The statement he put in parentheses: could well have been capitalized. 
‘ The ‘checking’ of alignment, om account of the: great rigidity of the teeth, A 
by direct measurement, isso delicate: as:to. be: practically: impossible; Then, 
: comparing different: ships, there ‘are: variations in the: rigidity ofthe. gear 
casing, ‘in the security the bolting to the:keelson, in the rigidity;of the 
| 
| 
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«proposals: made in >the ‘May: 7: article: to: ‘meet the dificult experi 
enced inthe pinions ‘of-double reduction gears, by, fitting. a-flywheel aft.of 
the-second reduction gear; and reducing the: moment of inertia of.the tur- 
bine: rotor; are suggested) by the existence: of “.overrunning” and hammer- 
jng-of ‘the teeth (Vol. ‘pages 599) and 600). But: the: evidence -which 
‘would’ expect if “‘overrunning,” sand, consequently, hammering, were 
Present is “They: would, be accompanied. by: great,-noise and 
peening -of the teeth, but neitheris:mentioned., ‘They both oecurned; on a 
“small gear ‘cohstructed:on a wrong: principle which: I ‘saw: tried :in which 
powerful short period vibration was sure to be set pi; The:teethishowed 
severe battering andi the noise was ‘so uintolerable that only run 
was We _would also:expect breakage of the teeth to: result; 
haminering, but ‘it »is«:stated (Vol. CIX,,/page 599), that. breakages have 
been” astonishingly few.”) / The! damage «complained of is,’ (a) excessive 
wear (Vol. page 599); which is: much: more likely: to; result. from, mis- 
alignment ‘producing’ excessive pressure; (b) -pitting (Vol. CEX, page 
599), which can hardly be:dscribed to hammering asa principal cause; since 
during: the life:of the gears: 
rarely be: present. Even where there: ‘synchronous. torsional: vibration 
actual separation of the teeth cannot occur unless the ivibration is intense, 
as there is the driving torque:of the'tarbine which will always produce) an 
enorgious: ‘acceleration when and will: keep: the‘ contacts 
closed::' 'I:could not imagine: an:engitieer continuing to’run ata speed which 
would ‘give such intense -vibratign, as He: would naturally. fear the ruiniof 
his! installation, and:as a’ slight increase‘or decrease of spéed ‘wouldiavoid 
synchronism and quiet the hammering. Also, if the vibration is powerful 
this exact:synchronous; speed! will; be; unstable, as: it, would :léad, 
through. ‘the. increased. chuming: of: the: water: by the propeller; :to»a) de- 
crease of efficiencyand would require) a: greater ‘torque ‘than: would corre- 
spond to! this'speed' were no: vibratidn ipresent.,: Hence: the power would 
have<:to: be: abriormally smireased :to!:iattaini- the synchronous “spéed> and, 
should this:speed be:passeil»in | the:least the iimproving ‘propeller efficiency 
copied the: Speed ito vise-toward its normal value’ ton ‘the torque being 
the: teéth:dnd:icause hammering: cduld: still: seriously:/raise: the «maxi+ 
‘mum: tooth. This. would: have little, efféct with theslow: designed 
bein: ithe rigid ander discussion if: ‘there | bing: mis+ 


ite tes: to er. Ha; kins, fhe 
second od’ variation ‘of the torque; *that’‘is, ‘the’ torque’ passed 
prono maxima and :mininia each: > There iwas great 
e_shaftin e ard_ engine tked to 
but’ the ‘with’ full boiler “pressure ‘0. poun 
inch rid throttle Open ‘could bove “about: 268 
lation ‘that: the of wiboation| for, the forward: 


as, 1640 minute 4 al sensing, .618, giving: critical |r.p,m. of, the 

as A ha’ ta the t 
So great was change that the after engine of 


818 r.p.m. with an initial pressure of only 180 pounds per square inch in its_ 


pressure card. I found an almost parallel core in United Tor, 
stboyers Lawrence and Matdonough, : regatding: which’ I wa dilly 


applied’ the: same:*remedy.’! a much “fuller! account: "of! the and 
markable fall of propeller efficiency’ which’ I> found; Engineering”. (Vol 
page 302 e¢ seq., or J.A.S.N.E., Vol. XV, page 747 et seq.). 
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eausitig ‘a bad distribution ‘of pressure ‘suchas’ iis ‘shown 
aye been’ informed that'the effect’ of such vibration has been 
obsetved ‘in the teeth ofthe low spééd' gear; these appear- 
ing as zones of wear distributed round the circumference. I would! ‘€x- 
pect, though I do not think I was.so-inférmed, that the number of these . 
zones would be equal to the number of propeller blades.| So far as I know 
no one has observetlsuch ‘markings! floating‘fraime gear although the 
designed tooth pressures are usually 
there’ is 110. close" approach to; vibration, ‘as’ there would 
‘rarely ‘be ifthe machinery is Hear the ‘of! the’ ship, ‘requiring’ lor 
‘shafting, the” variation’ of torque atise “only from’ the “action of 
varying t the resistanice the ‘propeller. This is obviously the’ease in 
Fig; The ship' Seems’ to have’ been in a con from 
intermittende Of the’ pitching and the ‘waves, having'a petidd’ Broth 
8"seconds, ‘wete ffom 250 to'330: feet‘fong. This is “a ‘fairly righ 
°CIX, 509), ‘as “desctibed; ‘but’ not ‘extremely* so:” These 
nditions would: ‘fot’ give’ rise’ ‘to’ hamimering’ the ‘accelerations “correé- 
to ‘these’ long “periods, eventhough ‘the amplitudes’ were consid- 
able, ‘the acceleration’ due’ ‘turbine 
torque would ‘keep ‘the’ 'tooth contacts closed)" 
Agaitt,’ the fargest’ variations® of propeller’ tordtie pitching: 
ottur Only under conditions: '(1) ‘When the’ sea “was very ‘Yough’ and 
propeller blades tisirig much’above the surface. An intelligerit’ engineer 
Id’then be running’ at’ ‘mitch ‘teduced! power and average tooth ipres- 
‘Would’ ‘low! Or. When the véssel “is light and! thé sea 
moderately’ rough, so’that ‘the propeller’ is sometimes submerged’ and’ then 
lifted: nearly clear of the water: In this “light >condition ‘also ‘not nearly 
full power would ‘be used and>tooth ‘predsures would ‘be ‘in tittle danger of 
tising to ‘dangerots’ values. ‘This’is probably the case in: (page: me) 
‘asthe ship is stated ‘to: have ‘been in’ baflast, in' which case it would ‘not be 
near 'fulP displacement. °In both these cases ‘the strain: the ship would 
be ‘the serious danger; as’ it Would: ‘keep ‘the ‘alignment'o the rigid igear dis- 
turbed.°’ And lam confident “that ‘if ‘damage. under: these” 
my arguments are correct} the’ introduction’ of a flywheel: just ‘aft of 
the! pear is hot advantageous. certainly not ‘advisable floating: 
fraine gear, as the evils itcis: proposed to cure: donot exist) (Buttifoa: fly» 
awheeb is fitted: it: will produce: two! effects whictr in ‘some ‘cases! willbe 
In almostvall cases’ ‘theveffect ‘wilbbe the: position ofthe 
nodal! iplane andthe natural period of torsional: vibration the shaf 
usually that’period, ‘Hence, if applied blindly it 
‘bring about a condition of synchronism as to avoid 
(bp Lhe} inertia! of this large mass) just: aft ‘the gear. casing: 
increase! the: ‘straining, and: 0b the' gear, 
»Fimalty; decrease ‘of ‘moment of inertia rotor. would ‘ver- 
tainly decrease! shock,’ ‘Butjias Mr: -K. «Baumann, of the: Metropolitan-— 
Wickers) Electriedl remarked: ‘were discussing ‘this article-in 
“Engineering,” the. most: effective! way of doing»this is:to drive:the pinion 
2966") at habgen et stor 
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inertia of he tubing rotor thay and barf 
great advantage of. almost entirely. separating the 


DOUBLE. REDUCTION. GEARING. . 


of the most, impo: problems. confronting the marine ine. engineer- 

‘world, today. is the, and longevity of. double reduction gear- 

for steam turbines, The experience in the mercantile marine during 
ing last. two or three years has certainly disclosed the fact that weaknesses 
hhave deyeloped in some directions, but it appears to be by. no means. be- 
yond the: wit of man completely to eliminate the. defects which have been 
proved. to, exist. In; the catly, days of the Diesel engine a, somewhat 


analogous. situation. arose in that.the rate of progress in the size of 1 


was. too, rapid, the nature,of the conditions to be met. was not appr 
and.the ground already traversed had not been. consolidated before 
steps were.taken, .Had. this not been, so, the present-day Deen of the 
internal-combusion engine would. probably. be far. in advance of what now 
_ obtains. This policy produced a retardation, which. it has. taken .mu 

time go, neutralize, and only inthe last year or so has real, progress, om 
commenced. Similarly in, the case of the double, reduction gear, history 
is, repeating itself, The great success of the single reduction, followed by 
a. long: period. during .which, the. sizes. of individual units gradually. 
creased, appeared to imbue.designers. and marine engineers with,.a,con- 
fidence, since proved to. be unfounded, that the step to large double reduc- 
.gears..was warranted, and, many. installations. were proceeded. with 
forthwith, practically on trust, on the assumption that. the. conditions, ob- 
taining were of the same nature. as jin the single reduction Benn; It: was 
certainly not anticipated. in the early days that the introduction ofan ot 
ditional. pair of wheels to the train between the turbine and: the. propeller 
shaft would be the cause of the difficulties in operation, which have arisen. 
Undoubtedly many such can be traced to unsuitable. material, faulty:.work- 
manship, and lack‘of care.in :maintenance lubrication: and alignment. 
nevertheless the characteristics of hammering, accentuated. by the insertion 
of the intermediate wheel and pinion, associated with high tooth loading, 
and accompanied by excessive wear, pitting and flaking—chiefly of, the 
“second rates a elements—have occurred in many cases where the above- 
mentioned: causes | were, undoubtedly absent... These have been so detri- 
mental in their effects that'a large number of high-powered vessels, 
being, forced: to fractional powers until. time ‘andexperience! show 
that gradual increments: of. load: can; be with safety, the present. 
limits being indeterminate. ‘This certainly does not make the igood: of 
the engineering prestige of the country, and) it is hoped. the more \con- 
servative rating now in force will mitigate to some extent: the harm: al- 
ready done. Had: the: festina lente policy ‘been adopted «in: this :case ithe 
record: of: gear failures;:more.or léss of common knowledge, :-would have 
beer very: much ‘curtailed.:: In the papers which have been read: before 
various: professional: societies:iand inthe . discussions, a Certain) amount 

of information has been placed at the disposal of the world;: vbutamuch 
more is needed. In- some cases the trouble has been accentuated by. tor- 
sional oscillations, of the shaft, particulars where. this has. been of short 
length, two interesting cases being: brought forward at this year’s: Insti- 
tution of Naval Architects meetings; but this appears to be secs con- 
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tributory)and not’ the sole reason for the abnormal defects’ which have 
arisen, and further investigation is ‘urgently. nepeneary to elucidate the 
matter. 
Reference to: patent ‘records will shows that many are put 
forward: for giving flexibility to the: main: second: reduction: wheels: and 
isolating them from endlong shock ‘transmitted through the propeller 
‘shaft.. ‘Amongst these may. be ‘mentioned ‘the’ insertion a. flexible 
coupling :abaft the wheel and forward of the thrust block, a vieldable rim 
to’ the main‘ wheel, provision ‘in ‘the second: réduction: element: with. teeth 
of ‘spur’! form: such as Maag gear—instead' of double: helical’ «(German 
practice ‘has: largely fit teeth of this type), and’ many other 
schemes a similar’ nature; ‘The ‘so-called nodal ‘drive; wherein an 
attempt made’ to locate’ the nodal point by’ the torsional ‘oscillation of 
the shaft at the center.of the main gear ‘wheel, such point ‘being deter- 
mined ‘by calculation, is another of the schemes which “has ‘been pro- 
pounded and tried in at least one vessel recently, but the period of oper- 
ation is, ‘so’ far; too short to determine’ whether this’ has proved to be 
effective. All ‘this, with the accumulated ‘knowledge available as tothe 
performance’ of ships ‘in ‘service, tends' to show that-most of the troubles 
. experienced have lain in | the second reduction: element and that it’ is 
upon this that efforts should be concentrated. 

JA! certain diffidence, perhaps natural under the: citcumstances, has been 
shown regarding ‘publication of negative results and’ failures. “Te was Far- 
aday. who ‘so strongly insistedon the importance: of recording both’ suc- 
cessful and unsuccessful experiments, ‘and the need is as great now as in 
his day. Obviously, the only method of is,’ im “all: other 
branches of knowledge, to base’ our rules, formule, &c.,'on 
Proved" ‘to ‘be correct. by actual ‘experience; subject 
provision ‘that the data already’ acquired have been irrefutably 
tiated. That ‘stich have been’ obtained ‘inthe single reduction gears may 
be accepted without question; and. it remains 'to take the symptoms of the 
troubles exhibited in’ the double-reduction’ and to eliminate them in’ the 
light of acquired knowledge: In‘ order effectively. to do this; it is essen- 
tial that all the facts available be at ‘the disposal of investigators ; obviously 
no singlé superintending engineer or firm of builders can have more than 
a limhited amount of knowledge’ of the behavior of ships other than those 
built or ‘run ‘under their’ supervision. “In ‘the aggregate, however, there 
must be available a large volume of’ data; and it’ is earnestly suggested 
that the various firms or builders and superintending engineers combine 
to place’ this information ‘at the disposal of’ an investi authority, 
preferably ‘a small joint committee, in which the two British sification 
Societies could ‘perhaps’ take ‘the initiative. Such authority could: tabulate 
‘the known facts as to failiires in the double reduction gearing and’ issue 
a summary showing what have been ‘the’ principal’ sources .of trouble, so 
that’ steps. may’ be’ taken, ‘and ‘research initiated where desirable, to by 
edy the ‘evils disclosed. “An ‘appeal, therefore, is here made’ to (a) ‘the 
technical committee of Lloyd's Register to inaugurate’ such a’ committee 
and’ (b) ‘to engine builders and ‘superintending engineers to, comie for- 
ward With the utmost candor and lay before such Airey if ‘appointed, 
the ‘results ‘of their experiences with double reduction’ gear’ for’ the bene- 
fit ‘of the een world ‘as 4 whole, and Great Britain in oa 

“Shipbiting and ‘Shipping Record,” Jime 90, 1981. 


j 
| 
4! 
: | 
| 


570 NOTES. 


‘TENDENCIES IN MARINE OIL. PRACTICE. firsts 
During the session now drawing a ‘close; these have a 
number: of notable technical papers;read 'before:the learned: Societies: dealing 
‘with. all ‘branches: ‘of engineering; ‘and: where!!niarine :engineering is »con- 
‘cetned: perhaps) the :two ‘most: important have: been: “ The! Presént :Position 
Marine Diesel Oil>Engine/” ‘by: Mr.‘James Richardson, Sc., read 
before the Institution of; Engineers and Shipbuilders: Scotland; and ‘that 
on “ Mechanical Gears of Double Reduction for: Merchant Ships,” by Mr. 
R. Jo Walker, €.B.E.,-and Mr. S. Cook, before: the Institution of 
Naval Architects. Selectioniof these Papers is) made‘ for the reasons, firstly, 
that: they! deal with the two most modern developments in marine: propul- 
‘sive machinery, and, secondly, because!we desire: to. draw, the 
trend of the discussions that ensued 
First, to deal: with the, oil engine; question,. as; was: 
considerable. attention was) focussed-on the relative) merits of engines work- 
onthe four-stroke and the, two-stroke cycles, definite statements 
awere made. in the paper-on this subject,: to. the ‘effect that most of the pub- 
lished data referring: to power output; obtained two-cycle engines 
were incorrect, and these engines were credited witha power capacity that . 
could not be sustained continuously, at.sea.; ‘This| view. was supported by 
reference to the submarine engine! practice adopted) in. several| important 
navies... Conditions; in, such’ service: ;imperative the reduction to a 
minimum of the space.and. weight, of, the main, machinery, ‘and: it was noted 
dn -the. paper, that. the four-cycle,, enging, held. a. ponition: for 
satisfying these conditions... 
Qn. the theoreticalside the, maintained, that, ‘the limiting factor in 
respect of the power/obtainable .from jany, given sizeof. combustion, cylin- 
der -is, the quantity, of, heat. that:can, be passed through, unit thickness of 
Cast iron. per unit.of time, for temperature at |the inner. 
surface of the metal. , The Jimit,.on, this basis is; aly, independent of the 
piston | For,; instance,, with,,a/,high; mean 
speed o revolution may. give, ay figure eat transfer through 
the. metal. surroundin the; | gombustion ; zone..and conversely, a aj low, mean 
effective. ‘pressure. w permit safely h, speed, .of revolution, In 
support of this; contention, .it, may t two-cycle, engines, which 
_haye a higher mean. effective, pressure is, -general, with fourrcycle prac- 
“tice, are mostly, designed to,run. ata lower, speed of revolution, Naturally 
in. making, comparisons on.a, basis the mean effective. pres- 
‘atte is, that for the whole cycle... In, the.case of, four-cycle e the 
ver two ‘er four,. acon whilst, with ;the.,two- 
olution, or every, two. strokes. 
of ea se, the; ma- 
work. and for, 
nt rate, | tan 


and iting 


of 
diability, to: cracks,: &c. 

, has now reached, such;a, stage, tha dization 
practice at, sea has -seryed definite give a.safe. 
heat transfer, uming, proportion, of the, 
fuel that has to be abstract from the burning. gases is mofe or less con- 
© stant, and that the stroke-bore ratio can be assumed as fixed, so that the 
area of the piston is — an exact fraction of the total area of the 
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combustion: chamber, then the limiting: condition-can be expressed: as; pounds, 
of fuel per hour:consumed per isquare..inch, of piston: area, 

Taking. the total amount of fuel-per hour consumed: in’ any cylinder: and) 
dividing .it-by, the piston; inches) the » quotient: should: not: 
greatly exceed: pound; per square: inch: is: certainly .a, 
conservative, rating, referring) primarily-to, large engines: and.it could no: 
doubt be: safely exceeded for :smaili cylinders... Large marine four-eycle, 
practice over a’ number of:years, of continuous: operation at:sea, however, ~ 
amply: confirms the desirability of: being: conservative: in. this respect, indeed, 
it was) noted: in‘(Mr. Richardson’s|paper that!.even’) withthe progress in. 
design made within the last. few years there has’ been generally a measure- 
able increase. in: the weight and, thie: space: occupied, by: the: slow~speed marine: 
Diesel engine: per horsepower! developed. due Jargely: 
to the reduction: in the rate, of heat:transfers 

The: mean. ‘effective: pressure »for two-cycle: engines on. hosse- 


figure quoted: 73.5 pounds: ports the: lowest 55 “bist the held that, it: 
was very doubtful medn: pressure: higher! than 55. poiinds: per: square: 
inch,.on a brake: horsepawer.:basis, ‘could :be yeontiiuously sustained: at «sea. 


. Three-examples: of; two-cycle::marine: engines ‘cited: gave mean) effective. 


pressures of 73,66 and per square inch on a‘brake horsepower. 
basis, «and, the rate: of heat; transfer consumption: 
of 0.39, 0.315, 0.345 pound per hour per square inch of piston area. 

‘Corresponding to these figures certain stresses:are developed in the ma-. 
terial. On certain assumptions, it was concluded that the stresses arising 
from. unequal: expansion may in the three’ cases quoted’ amount’ ‘respec- 
tively to. 24,000, 14,900, and:15,000 pounds per square ‘inch, ‘the highest stress: 
occurring inthe ‘largest..engine, quite; obvious that fractures: in: cast: 
iron cannot be a matter of» surprise ‘when such stresses: are imposed: Asi 
already. mentioned: the ‘safe :rate« of :heati:trans fer: corresponds«‘to fuel 
consumption of 0.2 pound:per square:iiich: of- piston area’ per hour, Hence; 
if the two-cycle engines. be teduced in power output to the same*basis the: 
mean effective pressure will: fall:to avery «moderate: one of ‘less: than 
pounds, and: there will be, Mr. Ri¢hardson maintains, little; if: any, gain 
in space or reduction itt weight, as'compated withthe ‘four-cycle engine, 

- To examine a:little further this all:important: question: whichis raised'in’ 
this paper,-and so: fully pursued im the discussion, it cannot, owing»to lack 
of published definite data, be be saidto!be conclusively: proved thatthe ‘rate’ of! 
heat: transfer equivalent! to the! combustion: of pound»: per’: hour® per 


square inch of: piston‘area is:altogether: established:as the limit apart*from: 


valves, matters which are: not:exactly:commion 'tovengines' of both cycles. 

With: a: low-grade of: fuel!oil, exhaust valve maintenance may: be so oner- 
ous as, to,demand a‘ reduction:in power: output with the:four-cycled ‘engine; :. 
apart fromthe heat; transfer! question proper:: On’ the’ other ‘hand, ‘two-' 
cycle cylinders, with exhaust ports:dn ‘one side’ and: scavenging air’ inlet’ 
ports opposite, where cool air enters:to cléar)out the: hot gases, are'cer-| 
tainly highly on Yh during full power running at a high rating, in this 
particular part of the cylinder, as,it: must be borne in mind that the neces- 
sarily high velocity of the ‘issuing’ ‘exhaust involves a rate of 
fransfer of heat, to paths exhaust, 

No. doubt the. q og the Hot ces will be, 
gradually. improyed.. ‘Much: research ta} is, is., in: and. 
in. ch obtained, will be. transla prac’ 


To such fur: ‘improvements, and performance 


will quickly respond, special point we: wish to urge is the fact that ‘no. 
data giving definite: information regarding the two-cycle engine were given 

in the paper or discussion ’although there was ample testimony: to the ‘sat- 
intechuny performance ‘of four-cycle engines. If there are two-cycle ships 
operating at sea with! good’ results: and: working: at high’ mean effective: 
pressures and heat transfer ‘figures, it-would-be greatly to: the benefit of 
_ progress in marine engineering that the facts: should be widely known. . 
“Coming to the second paper: it is probable that no ‘marine: enginetring 
paper ‘of recent times can have ‘been so eagerly looked forward. to as: that. 
of Messrs; Walker’ and ‘Cook on ‘Mechanical Gears of Double: Reduction’ 
for Merchant: Ships,” ‘as there have been so many rumors of failures of 
mechanical double reduction ‘Little enlightenment! on: a number. of 
factors, however, was. given by this paper, other than a certain amount of 
very interesting information on the one subject’ of torsional shaft: vibra- 
tion, It is, however, cheering to have ‘the «statement given ‘Engineer- 
Admiral Sir George: Goodwin that failure’ was much less: frequent ‘than it 
had been>twelve' months’ ago, but whether’ a-lessening ‘of the tooth’ pres- 
sure or ‘the exercise of greater ‘care in workmanship; or both are respon-’ 
sible was not elicited: In‘ this paper’ the ‘authors -quoted in Great 
Britain and other countries ‘(excluding America) the number of ships -with 
double reduction gears built and under construction is about 220 represent- 
ing’ a total of 1,150,000 horsepower. As’ successful examples only’ three! 
ships—are ‘quoted having the ‘for pin- 


ions: over 410 inches diameter, viz, constant varying from: 105 to 238, 


The statement that’ constant. betweett 180 and 220 is good ‘practice, is 
made, although the! authors hold: that: there is nothing to ‘show’ that con-: 
siderably higher loads than represented: by» the: constants,’ could ‘not’ be 
adopted, It is 2 well-known fact:that a number of ships with doubte re- 
duction gear:are operating at:sea at a fraction of full power; and: so with 
a very much smaller tooth pressure than that designed, as was well pointed 
out the: discussion by ‘Captain Onyon,'M.V.O., Are there any: 
double reduction gears: rurining at’ sea continuously with constants! of '220: 
or ‘higher? Again, the: questions involved are of such importance: as ‘to. 
demand.a solution) which can only ‘be obtained by the recording: and "pub-: 
lishing of actial details of: performance. high standard of workman- 
ship, materials and lubricants: are’ the’ critical: factors, then it is. necessary 
that standards of such: accuracy: should be formulated, and) definite: means’ 
for securing these ‘be made We do not desire at present: 'to deal! 
in detail with this question. It is evident, however, from the two discourses: 
which are the subject of this article that nothing but gain can accrue from’ 
a close co-operation: between: the engineer and the: shipowner.’ ‘What’ is’ 
desirable is a free expression of experience and a complete recording’ ad 
publication of full facts of performance. Along this path, and on’ a ee 
means can these absorbing and highly important questions be ‘rai 

the present level of uncertainty and the established ex- 


exemplified by the steam turbine, inchiding, of course, its steam gene 
and? the ‘enginé,' as exemplified by the, Diesel 
lies' in, the’ ‘fact that 'in ‘the fuel takes place 
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in a ‘piece’ of ‘appa ratus entirely distinct: from the’ engine proper, while in 
the latter the’ is burned in the engime itself, ‘When one considers the 
conditions which ‘exist in’ ‘thé furnace of even the’ most perfect form of 
steam? boiler’ when ‘oil ftiel is’ used, the very high ‘temperatures ‘met! with, 
the smoke which’ may be produced, the deposits'in the form of-ash, &c., 
wheit' one considers, ‘further, that in the Diesel'engine: these same con- 
tions are reproduced ‘to a more or less similar extent, it is not difficult 
realize why ‘there’is a certain amount’ of ‘difficulty in producing a'thor- 
reliable: ‘form of internal-combustion ‘engine.’ This point of view 
the ‘Diesel ‘engine a$'an arrangement in’ which the furnace is dir: 
itt the engibe itself, while only ‘giving a. somewhat erude idea 
of the, fundameitital ‘nature of the ‘ptinciple of internal combustion, serves 
to raw attention to the two’ main directions’ in.which improvements in 
1 ‘engine ‘practice ‘are being pushed forwatd at the present time, On 
the’ ‘one ‘hand we have investigations ' being ‘made into the most ‘suitable’ 
forms? of: fuel’ oil for Diesel engines and‘ on the ‘other we have researches 
into ‘methods whereby the conditions produced by the combustion lof ex+ 
isting. forms’ of. fuel’ oil can be most suitably withstood. © 
The problem’ necessarily arises! ‘in’ whieh ‘of these two ditections: ties 
the profitable ‘path for future improvements?) We are led to this’ 
by the fact that a’ “ British: Research Association for Liquid Fuels 
Engine Industry” has recently’ been ‘approved ‘by the 
ment of Scientific arid Industrial Research.’ It'is to-be assumed ‘that this 
research association will carry out investigations in the direction of finding 
out most suitable forms of fuel for semi-Diesel engines, 
and how. such oils may most econemicall: uced. At the present 
time: so-called! Diesel oil represents:a: pos of. oil produced: from: what 
we may. term crude oil. in the correct’ sense of ‘the term: (that;is, mineral oil 
just: as ‘it is| obtained. from. the ground) by’ distillation of the more volatile 
fractions. It:is not:so light or so pure as)either petrol or parafin—gaso- 
lene. and: kerosetie; as they would ob the othet side af the Atlan-. 


oil is. greater than that f residual oil, and, in addition, it: is not :always to 
be» obtained at. those: oil fuel depots: where the residual oil! for.steam 
eee co Senne, If we decide that the success of the Diesel: 
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4 ut use Diesel. 1s; obtained: by isti ation, albeit aitter. the lig ter: i 
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> 
satisfactory results from‘ :the ‘point: of view of: reliability of» the: engine; 
4 freedom from choking ofthe -fuél valves; freedom from carbohization’ of: 
the exhaust, valves and other parts of the: working space! in the cylinder, 
 Dhe,other alternative is,to so improve the engine that it can rumequally’ 
well.on heavy; residual. oil, both: from the point of view. of economy: and 
from that of reliability freedom, from the necessity of frequent clean- 
ing.» 1£; this: can) be, achieved .we shall. require’ only..one: system for trans~ 
port. and storage: of heavy oil, the fuel:oil used: for steam raising ‘being. 
equally ‘suitable: for: Diesel. engine: fuel.) It: will: be: recalled»:that: Mr. 
: Schwab, of the Bethlehem ‘Shipbuilding Corporation; claimed: that. his’ firm 
had, succeeded, in producing, a two-stroke engine -which: marked a ‘great 

3 improvement, om, any types,, the improvement) resting upon >the’ 
: claim that the ‘engine could run on ordinaty residual oil, such as‘was used: 
in the, furnaces of |steain ‘boilers. Mr. ‘Schwab was quick to’ point: out 


oil: sdepots 
where: 


is, no; reason the engine should, not, run, 

undue carbonization..of)the various parts, It is tat af 
an engine could,.run,on residual oil.or, indeed; on, any, liquid 

‘capable of being pumped from, the tanks to. the, mould i be d 
ysame, degree of economy. and, re as. is ed wi 

morejor less irefined. Diesel-oil, the obstacles: the adaption, of the inter: 

combustion engine,on merchant ships of small and.me Size would . 


“FUEL; om, FOR DIES} DIESEL ENGINES: 


orit 
Diesel: oil in. the machinery of ‘motor ships.’ This is‘cleanér;:of better:qual+ 
ity, and lower ‘specific gravity, than the ‘fuel oil! commonly employed ander. 
in ‘oil-fired steamers; but’ its price is' 30 per cent higher, and ship- 
owners are now asking whether thecheaper fuel cannot be: satisfactorily. 
utilized! in motor-ships; Manufacturers of ‘certain ‘types of Diesel ‘engine 
are endeavoring to prove that there is:no objection to its employment, but: 
there:is considerable doubt whether this' would to! 
where the exhaust*valves'are liable to‘give trouble if poor grade ‘fueb:is 
used, Insthe'case of two-cycle machinery, in ‘which ‘scavenging’ is effected: 
by means'of ‘ports: and'no' mechanically operated valves ate: needed: 
for! the injection ‘of fuel of starting this: objection: 
disappears, and: builders ‘of ‘two-cycle motors claim ‘that: Californian: and: 
Mexican fuel ‘oils ‘with a high»percentage:of ‘asphalt; give: 
as» those:achiéved when ‘a‘thore refined oit is used: 
.'Theseoclaims: have not yet been’ confirmed" ‘but: polohiged triati! 
have: ‘been carried: out ‘both on Sulzer'and Doxford: two-cycle’ Diesel! 
engines on the test bed. With an engine of the former typeof! 1,250‘brake: 
horsepower; a fuel consumption of 0.447 ‘pound: per brake’ horsepower hour 
was' attained, using Mexican fuel ‘oil, against 0.418 pound with gas oil; while 
with 3,000: horsepower® Doxford: ‘opposed=piston “erigine the: con~ 
sumption) whenrunning on Mexican was 0.441' pourid::In both! cases: 
it is) stated that no ‘difficulties and that°a‘clear ‘exhaust! 
importance: than: appears onthe surface, and, should>it:he ‘shown’ 
oy¢le ; operate: on) ‘then! ‘satisfactorily: iwhile four-cycle:: 
thust burn-spécial Diesel ‘fuel, the advantage of the lower fuel. 
- ‘type: will lose itsimportancei— ‘The’ Technical Review," 
une 


advantages to shipowners.af such an engine as com ordinary, 
type of Diesel engine. | These ince, 
price, of; “:fuel.oil’, in the open. mar! esel, oil,” 
bility.of enabling the vesse ful 
ist, these being far,;more numerous at the,.present met 
jesel, engine oil can be obtained, .We have, not, heard, boy 
the engine has actually achieved in actual, service at ia ali 
this isthe more profitable, direction. in, which, to,look for, 
Dieséli engine, design... Cases are on, record.of this running, 
on lubricating oil-—or, to, be exact, a,mixture of Diesel 
ofl-rwhile, vegetable oils have also, been successfully, employ prob-. 
to be one of atomization of the 


"Phere has: recently, been’: suntiingin; our: eontespondence, 
cussion'.on the relative imetits of the two types of superheater, which,are 
in’ owiboard: viz, now clowd may type and: the boiler: tube, 
it 


Im the first: place: it may ‘be noted that the two types. of; 
under discussion are: really being. classified respectively as the 
low temperature ‘superheater. and. the high temperature superheater, and 
hence the. roblem: ‘becomes, the old and and -oft-discussed: one of, ithe: relative 


ship; one ie apt ta lose. sight:of the fact that not only the problem of 

fuel: consumption ‘that: has tobe: faced.: such’ were the case there: would 
be little difficulty: in: deciding. ‘whether to. employ .a high: degree:of super- 
heat; say 200: degrees Falir: above saturation) temperature, ior, a consider- 
increase 


sipeshest, and. if we 


the 
steam passitig to the engine the more economical would the whole plant be. 
But it 00 happeris that while the fitting of: a ter, of. no matter what 
type, does to a certain extent result in the utilization of a certain amount 
of the heat which would be wasted in.a non-superheating boiler, it does 
also lead > a —o increase in the fuel consumption eet pound of stone 
evaporate is is than compensa 
hence: the boiler with a: supesheater: has 

e qtestion is however, done in:which we rust regard 
of the boiler | alone.» We must obviously consider the consumption: of: the 
eriginie ‘also; and in the: valueiof, high. or:low: supérheat 
the effitiency of: boiler ‘and, engine: taken! together the criterion 
upon, which: ut. judgment i is'based, With: supérheated steam the consump- 
tion ‘of, the: engine for.a given, power: will be less than if dry saturated 
steam dis used, the reduction: in: consumption depending upon: the extent to 
which: the temperature of steam: is ;superheated! above ‘saturation’ :tem- 

nsumption: of the 

l-consumption to: provide superheated! steani»as! com- 

pared withiia boiler generating dry With a low degree of 

supeshentithe increase the efficiency: of the! engine ofcourse, 

marked, ‘but the increase! inthe fuel consumption:at the 
ingly Jess; -ikt is that.the figares quoted the corresporidence re 

to.are ¢apable:of being considerably amplified; and! it would be:of:consid- 

erable waltte: if; a setties of trials, could bé-undertaken:in ordér-to: determine 

combined .efficiency, of; engin¢ and-boilers! with | the: different: types-of 

heaterandi with different .déegrees! of: superhieati. ci 

re.is, yhoweyer, anotheh aspect of the \duestion: whidh :demiands atten- 
tion, and that is the effect of superheated steam upon the cost of f upkeep 
of the engines. When highly superheated steam is employed, the 


39 


approximately :per cent: for :every 
could! be: assured:that by the installa 
should. be: merely: absorbing | heat th 
| 
| 
| 


the higher temperatiere onthe) different) working parts of the engine, par- 
ticularly at the high pressure end, is to lead to eechty athansent troubles 
which can’ ‘certainly be ‘reduced ‘but ‘hardly: eliminated: ever: swhen:! the 
test' care’ is-paid to these problems duting ‘the desigu ‘of the engine:-:In 
reciprocating’ engine this: is: targély'ja question of lubrication of: the 
piston°and the provision 6f a suitable arrangement-of piston rings, and. of 
stuffing box ‘for the high’ piston‘rod.: The design ofthe cylinder 
itself does’ not present any msuperable difficulty as\ the effects:of distortion 
be’ readily met.’ The other: items referred to’ present considerable. diffi- 
culty, and it is\on this account’ that: we! ‘still find: many: superititendent 
engineers” who ‘are adverse to employing (steam: with, ‘recipro- 
cating engines. With turbirie vessels the f superheated: steam is: be+ 
coming more general. The employmént ‘the ‘impulse priticiple at: the 
pressure end of the turbine enables ‘the: extent of! ‘the: turbine «which 
comes ‘into contact’ with: the ‘hightemperature :steam: to’ bes kept: within 
very ‘small limits, ‘since after’ expansion ' through the: first set ‘of ‘nozzles 
the temperature’ falls to'a more’ manageable figure; high pressure’ por- 
tion ‘of ‘the: casing’ is *madeof'stéel and the nozzles’ are kept separate from 
the casing giving: them freedom 'to. expand, with the ‘result oar the clear- 
ances: are otily! slightly. but’ not seriously affected! by ‘any: distortion that 
may occur, Jt would appear theh as though, déspite’a considerable amount 
of’ prejudice against: the use of superheated steam, we gradually! be- 
coming to/regard’ the use of more or less highly ‘supertieated steam'as 
practice»on ‘vessels that ‘ate’ ‘propelled: by’ steam-turbines, ‘although “with 
reciprocating! enginés ‘the ordinary non-superheated: ‘boiler still- continues 
to: with: Shipping: ‘Board;”: ‘June 90, 19211 


ta 


tions of the Institute of Marine Engineers, which ‘indicates ‘the ‘great 
necessity for careful and slow cooling of bronze*propellers after they have 
been: cast.) An engineer-lieutenant' in: the Navy essed’ the’ ‘cutting’ up 
otf a bronze propeller which had>been ‘scrapped; and’ noticed that while the 


metal showed normal over ‘the whole: surface’ on’ ‘first 


tions which were cut off and laid aside exuded ma 
and increased in thickness the longer’ ‘it! was ‘expo 


bright: atid: good fo! inch deep 

blade. -The thickness of thé blade where cu 

width! of blade about The green gr 

inch» thick, :and on: parts! which’ ‘have’ been the | 

phere: had the appearance of fungus. It that the effects 
were due to the fact -that:the’outer surface of’ the casting cooled before 
the center, and in contracting! exerted forces which tended ‘to’ separate ‘the 
motecules; of: the center of the ‘blade: «Such a‘conditiom ‘as ‘existed at 
center:cannot but result in 4 -weakening’ of the: blade, ‘and although a test 
bar may have been cast with it which! would ‘have stood the tensile test,’ ‘the 
blade: itself: is unsound at the center and not’ up ‘to: the’ required  ‘stren; 

It is only careful coolitig'can thé possi Of 

defect be Sip ilding and ‘Shipping’ Record,” Nov,4, 1900. 
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STATIC IN RADIO TELECRAP 


“was then noted dist along the 
ind the States the static appeared to ‘Some 
the, Very few titative “the of 
ae ‘were made; but a Sion t the source 
turbande’ very: probably’ hot plains’ of western’ 
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PHERIC 
j 
come. from’ more or less dehnite directions™ was ma 
number Of Observers..in this country during’ the ‘su 
to, be. of valve for investigation, the. writer was sent to Posto Rico 
San Juene—On February 26th the apparatus was set up on ‘the Naval 
es radio reservation in San Juan near the old fortress San Geronintjo, the in- 
2 gaint sity 
i 
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ig. Sheltered in’a'tent:' |For ‘the médsuremient h of 
signals’ of the direction ofthe it was not convenient to Construct 
a swinging loop of sufficient size to permit satisfactory observations without 
amplification. Therefore, twd standard 10 turn loops 50 feet long and 5 . 
feet high ‘with '6-inch spacing’ were ‘placed ‘at right angles to each’ other, 
with the so.proyided with switches either one could be used 
alone’ the t wo: in parallel combination, either directly or in opposition, 
e system was rendered. unidirectional in the us way, by. combining 
witha small antenna, ‘The circuits are shown in Fig. 1. This arra 
ment, gave ‘readings in eight directions, or fat the di degrees around 
corny ‘and. values could be interpolated so that irections were Toe 
a fair vagy ge to within about 15 degrees, . 
pical set of readings is given under the date of March 15th in Table, 
€ it is seen that, ‘the larger part of the static. a 
Tase I. 
Yypical Observations on Souther: Observations Storm: 


little east of south. Dtring F d March the! variation of 
the strength of the. static with. wav nay was very noticeable, as is indi- 
cated under March 9th in Table II, the intensity increasing twenty times 
between 7 000/and-48,000-meters. This’ is in marked contrast with the 
results at Cayey. during the) \heavy static of. Apri A4th, Table II, when it is 
seen that the fpeoey remains almost unchanged between the same limits. 


increase Static with Wave- 
Sin Geronims, March 


7,000 | 7,000 


10,000 Soin 10,000 
18,000. 18,000 


Loiza.—On March the’ apparatiis was about 
miles east of San’ Juan ‘and about four ‘miles from 'the Ocean: The antenna 
loop system was identical with that at San Geronimo. The observations. 
bet continued, here, until March, 31st, being taken. in part.by, Gunner, Tay- 

The results ‘here wete similar’ imcharacter tothose at San Getotiimo;» 
signals were somewhat weaker. 


Direction. Audibility. Audibility. 
ae 
E 8 
SE SE 100 
NW 30 NW 4 
April 1g. 
udibility. ‘ 
-_80 
qo i 
400 
| 


Nores. 


The: observations at; Cayey,, altitude, 30, miles from 
the north extended from, April 2nd to, April 14th, the apparatus. and 
arrangement, o being the same, as were used at ‘the other. stations. 
Observations, |that, taking into account the weakening of the, signals 
with the advancing .season, the, reception) at Cayey is we idedly; superior 
to the. stations along the north coast, while. with the. exception, of, the. static 
storm, April 14th, to 19th, the; static; are.m /Dur- 
ing this period the static,which had been mainly, from,t 
shifted, spas to, come/pringipally.from a, little north of west ‘Fable 
and, since the periods of receiving difficulties seemed to be identical at 
_ Otter Cliffs and Cayey, it was concluded that the Sockenon came from a 
“common source. The afternoon static along the Atlantic Coast of the 
_ Northern United States had been found in general to come approximatel 
from the southwest. The two lines of static direction from Otter Clif 
and Cayey would then cross. each other in Mexico. tt 


In the work of te ttempt.was__made to_.extend 
knowledge of the direction of: static ta: cover Pacific. Coast 


region 

to render our information regarding the conditions on the: East Coast 

in Porto Rico more 
The apparatus used as follows: ~The swinging ; loop. of 15 turns, 30 

feet long, 8 feet high and 4.5 ua spacing is shown in Fig. 2, while 

circuits used are shown in Fig The parallel turned circuit in t 

antenna simples tong waves on the small antenna and 
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seéiis to give’ a better ‘balance ‘than ‘is. tha tuning: The 
resistance, Rj, 5,000 to’ 30,000 ofims) ‘serves to reduce the’ signal ‘strength on 
the’ aittenna to approximately that of loop, while Rs, 200 to 1,000°ohmis, 
broad ens the tutie and ‘enables’ the ‘cotipling to be' changed ‘without too 
‘phase, thus renderitig’a ‘complete’balance easy.” Tlie ‘bal 
ancing ‘antentia’ tiséd different ‘stations vatied considerably in: size!’ ‘A 
single ré'100 feet long and 30 50 feet high was found to be’sa 
tory: The arrarigement' of ‘coupling between ’the’ antenna ‘and! 100 
shows’ ‘in Pig, the’ Top tinidirectional: With’ the: “site 


ut toes sort bibow bets 


= to drow off 


‘Mas te oft go gaol loventant 


posite are cut off, while ‘with-the switch reversed,-signals are received only 
from: the opposite side. Similar. unidirectional combinations ‘canbe, made 
between.an, antenna anda pair of ‘wunderwater or underground wires, or, in 
fact, between any ordinary antenna and any type of directional collector. 
For the determination of static- direction the is turned the 
coupling adjusted so-that when_the switch-S.is thrown irec- 
tion the-static is a maximum, while ‘with the switch in the op ose fivection 
it is @ minimum. The absolute direction in-which the signals are rength- - 
ened and weakened with the switch in a certain direction is best determined 
by observations ~station> in: a known direction:<-When this is .deter- 
mine it is advisable to Place’a mark on one side of the-loop corre 
bake on the tom that the signals from this. side of the 
switeh.in the marked position, the 
general direction of 7 ‘static aa determined as described, ‘the é loop is 
turned toa position right angles to the indicated direc- 
tion|of the static. They-the‘switch S-1s* reversed, the loop at the 
same time being moved slowiy et the position is obtained where the 
sound of the static on the telephones is of the same ‘intensity ‘with the 
switch in its two positions. For exact readings the position of the loop 
expressed in degrees should be observed at which a difference in the in- 
tensity of the static is just detectable on each side of the zone of equality. 


i 
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a 


In the mean position tbe, Joop. at right 
to static, method. gs irection is far 
accurate than the simple loop compass). 
In. fact, good s can be obtained by the balanced method when no 
difference at all i in intetisity' Catt be the simple loop. 


Chahges in Direction of Statia the Season. 
San Geronimo, Mch:; 1-18 ' Loiza, March 19-3, Cayey, April 14-25. 


80 per cent. South ‘50 per cent. South,“ 30 per cent. South 
20 per cent. W by N ‘50 per cent. W by 3 4 70 per cent. W by N 


During the past summer observations wete:taken daily at the Naval 
Radio > Research Laboratory (Washington), and“during certain periods at 
Aerts Oregon; Bremerton, Wash.; San Fraicisco, Cal., and San Diego, 
Cal., with a few in Porto Rico, and. at other ; ‘points... 
Astoria—The apparatus was set 1ip on a dairy. trom 
the radio station so as to avoid the influence of the station antenna and 
excessively strong, interference. of the type, 
setibed and 'the antenna was.asingle: wise running along the ridge 
avbarn!25 feétofrom «the ground. ;'The) ‘receiving: instruments 
tent and the ‘work: was:carried ‘oni withthe help:of: Radio 
Aid ‘Marriott, of thé ‘Puget: Sound Navy Yard, and his, 
vations: weré made ‘between ‘July:1st and July:31st, and the results of the 
measuremesit: Of static direction are: givén in!/Table: was) found ‘in 
general that ‘while istatic | was “irregular: :direction) the individual 
observations. fell: into» groups, the langest) group: indicating: disturbances 
from a point about 20 degrees north of east. There seemed tobe tittle 

connection between static and ordinary weather conditions. 


Bremerton found in the Na 


Yard, the loop t’Mr. Marriott’s house, 
the instruments in vacant antenna, about 90 
feet long, ran to a neighboritis 
Observations were bean on July pot Ta Table V ows the summary 
_ of the directional‘ observations up d. From Table V it is 
seen that the observations-are more at| Astoria, on a few 
even coming from}the no on pr of the 
mpic ran, mountains .which lies: ween on the ocean, 
In spite of the ifr rity “séems' to’ be’a 
of static from the sow 
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Som Broncisco ~The Shere! set. up: point Goat 
a’ balancing) antenna antenna about 50 feet 
intended: for! shortwave ‘sparks work:' Table VI:shows 
the: tireetional observations ‘between August/11th and 31st. It:is'seen at 
that the directivity: of ‘the static is:entirely: different from: that! ob- 
tir Astoria ‘and Bremerton. Instead of being scattered over ani arc 
sof !mearly’ 180 ‘degrees; all! the observations except 
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one; which) may: “have 
conditions, fall’ within: an-arc/of:10 degrees. 
{This is: remarkably: favorable for. static for ‘reception 
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San Diego--In San Diego; the loop: was; ssh thn 
controb:receiving ‘station.on North: Island, with the receiving) set in ohe of 
the booths of the station. The: observations,::extending from 
10th, are shown in: ‘Table VII, the length 


ha: ott 


Date and time, of seat. , 


basin) 


8 


i of ‘the’ ‘being about 11,0001 ineters. ‘Here, 
Francisco, the static was sharply directional from a point just, him, 


Fis diection of. th observations iffering by more than a few degrees. from 
static intensity in Was not very different at 
wid with: ‘bad days perhaps a little more frequent at San Di 
ton,—During the summer, observations the direction Ak 
‘twice a day at. the Radio Laboratory,. A 
of the’ afternoon results, July ist to ptember. 15th, is 4 
T ble VIII, found that the dire tion of ‘is less 
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esrpogod 
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rages| are’ generally: less perfect... The previdiling to 
be about 30: degrees south of ;wést, with) a few observations scattered all 
the: way) between.-west: and. south)’ ont to. adiood 
RicomThrough some ‘mistinderstanding only afew observations 
on the direction of static have been forwarded from Porto Rico during 
the summer, but these indicate that the "paren static has come from 
the south just as was observed ldst/ winter, instead of ag a point slightly 
north of west, as found in the,early: ‘Spxing experimen 

Our knowledge regarding the direction of, static “on e Gulf and Atlan- 
tic Coasts of our southern states 1s Very area e little information 
available indicates that around New Orleans nets “mainly from a littie 
west of south; while at*Charteston it comes in paft’from'the mountains a 
little north of west andin part fromthe ‘southwest at the northern | 
Atlantic ©oast stations. Med & OS 
We ma pee our of directional United 

tates as follows: : 

1, The static on the Coast of the United ‘States ‘comes, in gen gen- 
eral fromedirections lying: between south and. west, largely:from: the direc 
tion of Mexico, but pattly from the Allegheny Mountains. 
2. The few observations the Gulf Coast: indicate “diteetion ‘ftoughly 
southwest; é.¢., from 

3. On the Pacific Coast is thins on’ the 
to come for the most part from, nearby centers. In the north, it: is. diffuse, 
but much of it seems to come from definite local centers among, the moyn- 
taifis?" Mr,’ Marristt has “called attention*to the fact® that” ‘at ‘Brem- 

" erton and at Astoria a large part of the static comes from the direction of 

Ranier, ‘an isolated ‘peak ‘and the highest in that: part.of. therrworld. 
Further south, at San Francisco and San Diego, static is sharply direc- 


and centers: nearly east and pe 
e 


“of two ‘from a “Of 


we. may, conclude static’ comes fro ‘the: 

ad fe the sea, re whe to Come nthe 
erally land in the given direction at no great distance. 

6. It may be, judging from the analogy of signals, that static which in- 
creases with wave length in a marked Segre st as that at Washington and | 
the southerly static in Portd ‘Rico, comes from a great distance; while the 
static that varies little with wave length, as at “San Francisco and San - 
Diego, comes from Centers ‘not'far away. . 

7. In Washington it is génerally ibeervad that the late afternoon static 
in summer is much more sharply directional than that of the forenoon, 
and that the directivity frequently becomes more “pronounced as the static 
becomes more severe. © 

8. Two types of static in respect 1, tuni g ‘have been noted in our lab- 
oratory, one giving a pure shock effect Sheard simultaneously over a 
wide range of wave lengths , ang one in which the crashes are not heard 
simultaneously at different wave lengths. This Jast we have called the 
spectrum type, since it appears to consist of a large number of independent 
waves of different lengths forming ‘contindous: static spectrum. 
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‘At ‘present’ it! ‘4g? impossible to’ formulate: ‘any’ completely ‘satisfactory 
rigin’ of ‘static; appears: probable that: it. originates ‘in 

tic: tipper ‘atmosphere iti powerful’ di between air ‘bodies at differ- 
ent, “it is difficult’ Cunderstand ‘how such discharges 
which’ ‘give tical! ‘waves nore powerful’ thah those! from: the 
largest radio” tale’ plate without luminous phenomend,' ‘If the 
disturbing waves are formed in, this way in the wpper ‘atmosphere; the 
wave front tindoubtedl ‘it! reaches! the) earth; where it 
itself exaetly the? radio waves from ‘en aeroplane! and then - 
loves ‘a'‘prattically vettieal ‘wave front. if it ‘come from 
of hot far made are, 
of’ takitig® static directional ‘observations 
wherever radio stations are situated, and warrant’ plans" fora ‘general 
static’ survey’ which: shall extend eventially’ ‘to’ of ‘the world — 
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Shed 
an ing construction, 700 feet in ie 

ne system,, with ity..for producing 100, 
cubic feet o per day, two gas: ders with a opacity of half 
a. millon, tet each, a light; alloy casting and rolling. a 

me and wireless station, metal woodworking shops, , 

and other We 
i but that it-represents an im- 
Its. towards, win- 


cent 
virtually,.c 
n 


signed in | 

asa 

was 


See OF etsy ontl teins. Yo 


| 
3 
it i air fil 
R38, the, latest,and langest-lighter-than-air craft 
now. all but complete and awaiting ber trials. The Cardington Airship 
Works, i maybe sealed, wer constructed during the war for Messrs. a 
Short Brothers, under.a | 
ver, aiveny large area.and 
| 
‘anxious, to, give, away, and one.of which, we believe, succeeded in: sinking 
second Sinice.the end of hostilities the fac- 
he Air Minjstry in April, been, engaged upon 
the airships. K 87 and.R 38, The R.37 js 80 or 90 per 
ork upon. her has been. suspended: The. R 38 is, now 
When abe ‘eae the works, building activity on. the 
" d, but otherwise the, factory will. probably be closed : 
ks _ Mm to. conceive its re-opening for any, purpose other than 
airship R38, bas, already ‘hada, cBequered history She. was 
spting of 1918 by the Admiralty airship, staff, more,or, les 
a the large high-flying German craft of the “1.71” type. ..Sh 
d to, be. the first, of four and was begun at Card- 
essra.. Short .in November, 1918. The Armistice; led: tothe 
t the, United 
e »biswiet - 
wh ; 
| 
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States :Navy: rtment at the. critical with, an, offer 
‘to 38 his offer was acepied, by, ous 


Government,.and.an American crew, is.» tryin, 
fly: the vessel ‘across ithe’ Atlantic, on the 
Admiralty, begun: by. Short) Brothers, and. completed. “ithe, Air 
and be sold,to ithe United States Navy. .:For the greater. of the 
constructional'-work, the Air Ministry -is, res the trol of 
‘the building having been in: the hands je, super- 
accompanying: ustrations, we gi ve.some views. vesse as we 
saw hep: incher shed :on, Friday, of last: Rigid, aixships i their gen- 
eral: design jare mowadays:so largely -based rendered 
familiar by Count craft, unfortunate and that 
in deta vessel, as.a whole, will merely 
call:attention to of which, distinguish the 
88, from: her fellows: 
wessel-is stated ‘officially: 40) be the, largest rigid. ‘airship. yet con- 
structed in any country, its:capacity being,;300,000) cubic; feet greater,,than 
that of the surrendered German airship L, 71. Unlike other airships pro- 
duced in this country—such, for éxample, as the R 33 and R 34, which 
were substantially copied.ftom the! design of the Zeppelin “1, 30” "class— 
the R 38 is an entirely British vessel,in every, respect, She was designed 
‘and 'has’been completed for naval aiid ‘has ‘therefore been made 
as, as “possible in Ofder'to eriable her to: ‘avery great ‘height. 
ce duting’ ‘the wat showed the paratrount 
q "high in ‘the’ 71” class’ this’ désideratum® cul- 
in’ ‘ot''a ‘maximum flying ‘altitude of ‘about 24,000 
‘feet! 38’the designed ‘ceiling is ‘ahout 25,000 feet, Tt should 
however, ‘that this height imay not How be attained, for ‘the ves 
§ not finished 48 ‘originally’ ‘plannied.” In'thé altered circumstances, 
advantage ha $ been ‘to introduce and ‘additions, such 
‘a8 pow: ents, the added’ weights: of have "somewhat 're- 
duced: the’ ed’ perform atice; AY 
With’ the’ of ‘these’ later: additions, everythitig possible 
done to reduce’ the Weight atid ‘resistatice’ of the ‘patts’ of 
noticeable this:¢onnection’ is the’arra: t' of the 
inthe engine ‘cars: Th’ the R'37 and ‘earlier’ vessels’ the radiators are ar- 
ratiged’ to’ be and lowered vértically,” ‘greater or 
less amouitit' of’ their’ cooling Surface’ outside the ‘skin the’ car.’ In the 
R38 the radiators ‘fixed’ inside” the ‘cars, ‘the ndsés of 
which are’ provided’ rising’ and’ shutter’ or ‘with ‘louvres in. 
order to’ regulaté the’ cooling ‘after passing’ through ‘the 
- radiators fg deflect "th ‘the’ sides” "ot Of ‘cats,’ that. ‘the 
enginé attendants donot suffer any’ ‘inconvenience’ Hit. “From a door 
or te of’ the’ step ladder slopes upward to a port ‘Hole in ‘the 
vessel-whence ‘internat steps’ lead dowti tothe central walking ‘w 
‘which extends the whole ferigth Of the vessel; Orie side: of the step ladder 
forms one,of the struts to the car which it serves," Th’ order ‘reduce 
wind resistance, the other’ ‘side’ is’ arranged tp up againist'the first 
wheri the ladders | not’ in. “use, “the ahd ‘the’ sides 
recessed to -permit ‘the’ foliting action heap closing of 
the’ ladder made matically to''close’ the ted 
‘should ‘be! that; other desigt 
hich there are are arranged ‘as ‘wing the ‘at 
forward énd alone being situated on the center Pe NG understand that 
the absence of center line engine cars was dicta the’ impossibility of 
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placing them’ iit’ ‘vessel, the ‘hall of which was to 'be'85 feety'4 inches 
ameter, atid’ whieh’ Was''to ‘be built'in’a shednot more than 100 feethigh: 
At the' time of our ‘Visit anc ‘ag represented in the accompanying engravings, 
the was sométhifig’ ‘than’ half gassed) ‘and was floating unsup- 
ported ‘by’ cradles, but? anchored’ by’ weights ‘and spring’: balances 
along’ her ‘length. ay 

engine caf ‘contains a 350° horsepower Siinbeam engine, so ‘that the 
total’ power of the ‘yessel’is’ 2,100" ‘horses, The “attachment of ‘cars ‘to: 
the main framework is carried’ out’ by means wooden’ struts and 
wires, ‘and ‘appeared ''to' us ‘to ‘be ‘distinetly on ithe: side flimsiness: : 
novelty, we stand,’ is'to' be found in the method ‘of 
the propeller’ ‘thrust ‘to ‘the hull framework, For’ this' ‘purpose; 
cable is backwards and slightly upwards from’ the’ 
peller boss to ‘- point ‘on one’ of ‘the principal members-of' the framework 
of the hull’: wie sary arratiged ‘stretches forward ‘from: the ‘tiose 
of ‘the ‘car to tie pull ‘of the propens when the engines are reversed. 
The weight of thé eat struck us’ as’ insufficiently Supported for'in- 
clined’ ‘attitudes ‘of the? vessel's dongitudinal’ ‘center ‘tine: Four “df othe 
engines are ‘fitted ‘with exhaust cooking apparatus) to which ‘the members: 
of the ctew britig’ theit’ food by ‘Way: of! the folding’ step ladders to which’ 
we Have ‘already referred: ort big bre 

Running within the’ hult on ite vide ns 
is trapezium-sectioned' passage; dbout 10 fect! high and 10 ‘feet wide on 
its lower and longer, side. When the | as are they form! 
the roof; and’ the ‘two sloping’ sides “6 floor,” shown 
open in the oan is covered in pte canvas. gy actual walking’ ‘way’ 
is a plank less than 1 foot wide, Rigs gall on the horizontal cross pgs 
of the “floor,”. At one point this plank widens out into a ply-w t- 
form, to provide @.mess room for the crew. Close at hand are t fig sleep- 
ing quarters, bed’ frames being tubular members slung by pict f the 
the roof o Sage. ‘These frames are disposed, 
1-foot gang, née has, of course, to get used to slee; ae 
ship with no jbut a layer Of canvas between on 
places 'gangway is provided with a wits at. 
level for th moral than material we s al 
requiring it 
of 


of thes 
of 


quanti 


series of steps into the interior vel 
steps ascend again to a machine gun cockpit at the fhe cat tip of the tail. . 
We are assured that this cockpit is the most comfortable Position in the 


i 
h ly ‘ide of O lighten her | 
in case of emergency. Elsewhere the space on each side of the gangway, is 
occupied emergency Retin oi tan | 
racks.’ In the cade’ of the ‘water bags, each’ of Which Contains half's ton, 
the of Hast is controlled by the officer in charge Who can’ 
eject at will a’ known any, of thé! bags by puffing’ | 
one ‘of ‘series ‘of lev his ‘Hutpos | 
{ 
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vesseli when, in flight, .as. it, is: quite removed fi irom 
and: from the draught. Going \towards, the; bow, ,th ie capa 
to. the control car; to which is attached, wireless, ins 
cabin::: Further on, the gangway leads flight.of steps, w 
ing along. the. curved underside, of the nose,,of .the, pall ends. at.a 
through which the crew may enter or leave by. way of.a, ah ‘ing, mas 
catwalk” rans along: the whole, the the, stop, side, to 
permit the gas valves to be examined the ;vessel_ is. in 
to this catwalk is.gained) by .wertical rope ladders, . essing up-, 
wards. within tubular; fabric, casings ‘between two, of, rward 
afi the:after; gas bags. As; usual,, ves teh 
the: gas bags; at their; lowest points, The gas dischar, ough, th 
led: into vertical, trunk, and finds, its way.to an. onthe upper sur-, 
faceyat: the: maximum distance. away. from the engines, b Qt 
The airship, was designed to ¢o-operate, with the Grand, Fest inj the North 
Sea,:and: has been, completed purely, a¢,a,,maval, vessel for its. 
_owners, by whom she. will: be:giyen. the, distinguishing mark, Rider 
is: be equipped with, fourteen | Lewis, and one; 1;po ‘omatic, 


and will carry four,.520-pound\and 
it may, beadded, are carried and 
~ nose end upwards, and not horizontally as is usual.in bom mh 
They-are thus called. to execute,a,half somersault ducing he de 
of lysnose, upwards i 1s: to, 
following tabular. statement at some. d concer 


‘Sat ES 
ches’ 


“"Bstimated full 
durance at, full speed... $6 


AS. no. pre rmation is available ing th 
spent on the construction but we, 
if another of her type. were it could be wilt for Lit 
ter of a million: pounds. It may be noted that.a vessel of the R38 design, 
adapted for, commercial transport, could accommodate ‘passengers 
and 2 tons of freight, and so donned, perform a non-stop fight 
Egypt in about forty-eight a result of the ex nce gained, 
the design and construction of vessel, a new design. ~ been. pro: 
for an improved type of Meahip with a ae of about four million. 
cubic feet. This vessel, it is stated, would be able ‘a es carry fifty, rt 
of frei ht on a. Egypt, in, al 
jist act Yo qit oft if nuy onidosit ot nisys aqote 
eslt «ti oldstolmos eidi tadt bowees ore 
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THE STANDARDIZATION,OF, DATA FOR AIRSHIP 

different’ basic, units’ eth loved: ve. thody OF 
rformance data’ craft’ led 1 
‘cherie embodying what “is 
for ‘Some tithe ‘previous to’ this, the’ 


of trial results and ‘with 


stahdardi d data hips 


The “ lift” of hydrogen is of course analogous buoyancy of water, 
and is the difference i in weight between, sm tar th frp mers air and hydrogen 
under varying conditions of pressure and temperature. No reason was 
seen why'the long: figure of 6& pounds per’ 1,000 ‘cubic ‘feet ‘of 
hydrogen! should ‘not be adhered to’as standard’ figure’ for the! lift of 
hydrogen at sea-level. It represents a very good average’ manne 
affairs in this country. 


‘la actual practice, ‘the yolume of determined by suming’ it 


r,in section and: a radi t of, the circle 


ewance of per ¢ of gnvelop 

for, the fabric jallation.. For the the 
are ass empty, bas rear ha Bu th itle 
By this is always the gross lift at under standard — 
conditions, andis the) = volume-and the lift per’ ‘unit volume. 


orisiderable Variat in aternal- 

sity, pressu ssary, to. specify a ht 

at tals Pa a and fin specifying ‘that height, to lay 

the, .atmosphere ‘mormally. found -at that 

hei ight choo was, 2,000 feet above! sea-level 

for at ciple 1,000 feet, and the values for the densi , of the 

oe were taken in accordance with the:Advisory Committee o "Aeronautics’ 
Reports and Memoranda No. 509, 


the, Sixty-tecond Session of: the 
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We Weights? ‘ali those weights which are constant 
and non-consu:a id which, an airship would, carry under all condi- 

's, (machine machinery, it has deci ito, con- 
sid sider all. the, liquids in ‘he’ cating. a stems as integ- 
tanks are ,not. included in fixed weights, ‘but the, Cader 

posely portable) are considered as fixed weights, Under 
Weights” come the gun platforms and ‘mountings, not the, 
ammunition, which need not he. carried, under, peace conditions, | or, J 

can be jettisoned in an emer; 
equipment and navigating instruments, handling 
ia ropes and appliances are now considered fixed weights, because with- 
out them the airship becomes: unnavigable, and not in a condition to wake 
a reasonable landing at a mast or otherwise. 


head: ‘and: water. are considered. “ disposable,” 
cause’ they: can be mote,or Jess at will to correct, the, trim,of, the 


USEFUL LIFT, etipits 
. 


The useful lift is obtained va deducting from the gross lift the follow- 
ing items:— (a) All fixed weights ; (b) sufficient bee ior oe os 


reach standard ‘flying ‘height: ‘This’ amounts to 3 
lift ‘at’ 68 pounds ‘per’'1,000 ‘cubic’ feet’ for’ ie cet 
oss Lift at 68 pounds’ per cubic ‘feet 
Or’ “ latiding’ ballast”; (a) ‘reset ve” fu 
hours?’ flights’ ‘all’ ‘tanks ane’ as 
) the approved reserve of water for ‘the radiators’ and cooling 
9) the ‘crew, eorisisting Of ‘the’ ‘complement faid'‘down, ' 
clothing and ‘personal ‘kit, ‘and’ ‘assumed’ to’ average 180 pourids ‘per 
(h) the approved’ spares aiid’ tools; “(k) the approved ‘equipment 
ship, including and parachutes,” p- 
pliances, oxygen ratus, pertingyis ers, emergericy rations (iron 
ration); (7) all other approved isposa sable oquipenen, as, for example, 
» The, sum: total of! the weights, of, the under, 42) 
above deducted from the gross lift give the: amount termed “useful lift,’ 
ner between fuel and oil, pas ers and king 
rater and armament’ and ammunition, 


Suh shuiitts noveudimes 


has been agréed’'to ‘fix: ‘that! corresponding ‘to’ Height 
tainable: by the jettisoning of all'*d nargeable 
It was decided to fix the speeds as those. attained under the hyeere od 

- atmospheric conditions and to be calculated i in kpots, It was also serra 


to record for all ships “four Wistinct speeds $ 
full speed, cruising speed, and comparison G 
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to be that speed ‘attainable ‘itider ’ standard atmospheric ‘conditions with’ 
engines ‘developing’ their’ maximum power; (b)° normal’ full speed; to be: 
defined as 90'pér’ cent full’ speed;°(c) criising speed, to’ bé' defitied ‘as’ 80° 
per ‘cent’ imaximum speed—this is equivalent 'to' approximately: half-power 
on the engines; (d) ‘comparison speed;'to d as 40°knots, 
In the ascertaining of speed two methods are employed, one on a meas- 
ured course of at least 10 miles in length, and chosen at the time of flight 
to be as nearly as possible in the direction:of the prevailing wind, and the. 
other on a triangular course nearly.as possible equilateral with about 50- 
mile legs... jac? tt tis 28-awond et 2idT 
“To. standardize "the ‘endurances for’ purposes’ of direct comparison 
tween ai it was necessary to standardize the “ useful lift,” and to attain 
this it was decided to consider the useful lift as made up entirely of fuel,” 
lubricating oil, food, and drinking water for ‘the crew, ie. assuming 
il consumption in pounds per hour, ata given speed, an consump- 
of food and water pet hour fof the an the Wits U tons, 
then the endurance at the given speed is TAB BOMB. ol od 


OFF 22 


In all aircraft the relation useful load to weight empty or * dead load” 
can, be considered the specific. useful carrying characteristic of the De a 
Again, for an economic commercial characteristic we can relate the pos-. 
le receipts to the wor! expenses... i 
To deal. fully..with. these considerations. would require a separate paper. 
It. is merely referred to here. to emphasize the necessity of. standardizing. 
data before. making comparisons, which otherwise can. so easily lead to. 
wrong, conclusions—" Shipbuilding and Shipping Record,” March 24, 1921. 
SOME. POSSIBLE .LINES OF DEVELOPMENT. IN. AIRCRAF’,, 
ENGINES.* : iti 
In. the, following paper the writer’s aim is, to. indica’ te certain possible 
lines of research which his own and pre 
liminary experiments have shown to be at least worthy of ‘serious consid- 
eration.; If, we review the present state ofthe art we find the position to 
be. substantially as. follows; From a, thermodynamic. point, of view the, 
performance of. the modern aero engine has approached. so nearly to the, 
ideal, obtainable. from the cycle.on which it operates, that, there, is little 
scope for improvement... Thermal efficiency, or fuel. consumption now, 
the, all-important, factor;..but..since the, best. modern, aero engines are. 
actually. developing a thermal efficiency, within 4 pet cent.or § per. cent of. 
the highest obtainable, from. the cycle on which: they, operate, it is evident . 
that to gain any, further improvement it will be necessary .cither, to depart, 
from, of, at Jeast to, take considerable. liberties 
or.to modify; the, composition, of the, fuel,.or both, ck which all . 
present-day aero engines operate, is, one in, which an explosive mixture.of . 


Paper read before the Royal Aeronautical ‘Society, 16, 1690. 
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fuel, and air, is drawn.into the cylinder compressed to highest, pe 

permissible, without, detonation and ultimate: Agni ted. at 

constant volume and expanded. until it occupies the same volume as The 

after. it is released and. the is 


This is known as air it assumes that the” Specific 
heat is constant at all temperattités,'that there is no loss of heat and 
that there is no dissociation. According to this formula the efficiency is 
spendent upon r, the expansion ratio, In the ordinary cycle ris also the. 
compression ratio, since compression and expansion happen to be equ 
tit must be remembered that it is the expansion and not the ‘compres-- 
governs the efficiency, and that the two. heed not 
sarily be equal. 
The most recent investigations on the .p ‘of the working’ uid 
carried out b hig and Mr. by the writer’s 
experimental pore show: that when due allowance has been made for 
the losses due to change of specific heat’and ‘to ‘dissociation at the'tempera- 
tures which actually obtain in the cylinder, the true limiting thermal effi- 
account o e Rate ue to irect passage of heat to the cylinder 
walls during combus and ‘expansion. | tis clearly impossible’ to arrive 
at a really universal formula which’ will take this into account, ‘sincé' the 
proportion of heat fost must depend ‘upon’ the form ‘of the 
chamber, the speed, and, in fact, on the individuality of each ‘erigine. ° 
the most’ perfect’ case of an engine, having''a compact and 
combustion chamber and running ‘at'a ‘high speed, so that’ the 
loss duting combustion and expansioti ‘is reduced to’ the absolute minimum, 
the highest attainable indicated thermal ‘efficiency is' given pretty accurately 
by the formula E=1— (1/r)°™. -This-allows for the minimum possible 


heat los the. jacket ai ant ded as the. absolute limiti 


Perfect carburation and distribution: 
That the compression and expansion ratios are equal. 
That the’ is and’ of’ the “most 


in coltmn (1) ‘thé’ air-cycle efficiency for a range of compressic Fabox" 
from 4:1 to 8:1, column (2) Tizard and Pye’s ideal efficiency, takitig’ into’ 
account lossés due to change in specific ‘heatat high temperatures ‘and ‘to’ 
column’ ( “busts highest attainable indicated thermal ¢fficiency 
assuming that the combustion chamber is' designed ‘to allow of thé miini-° 

mum possible’ heat ‘loss,’ that ‘the ‘cylinder is of ‘comparatively’ large ‘ca-" 
pacity and that ‘the ‘revolutions dré’ not ‘less thati 1,500 In eolamin 
(4) até given the actual indicated’ thermal efficiencies’ as obtained ‘in a''spe-' 
cial variable’ compression’ engine’ designed ‘by ‘the ‘writer’ for research 
poses, and ‘in which’ every known artifice for obtaining ‘the’ highest 
sible’ ‘efficieticy ‘and power ‘output ‘has’ been employed.’ A photogtaph 
sectional drawings of this engine are shown in Figp. 3,8 and 4. 
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» The: difference; between columns 4:indicates:the scope left: for im+ 
provement--it.is very narrow. So long as the recognized cycle,is;adhered 
td, in its entirety, the: importance of raising: the compression and, ‘there: 
foré, the expansion: is. obvious. Now) when» working. with all; fuels):be~ 
longing to. the general group ‘known, as petrol. the compression pressure 
which can be employed is,limited by the tendency the fuel to: detonate 
and ultimately to pre-ignite. The explanation of the phenomena of»de-) 


bg 
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its ‘self-ignition 
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I. 
; Col. 1, 2 Col. 8. Col. 4. 
| 
ma 
tonation appears toll as follows :—When the mixture is igited from any 
one point, the flame at first’spreads by the normal process of flame propa- 
gation aided by, turbulence’ and in doing’so compresses before it the un- 
f the charge; unless the latter can get rid ofits heat with 
Y, it_is liable to be.compressed to a temperature exceeding 
#emperature, with the result that it spontaneously 
whole bulk: and an explosion wave is set-up which strikes 
OMPRESSION\RATIO. 1 1-1 . 
the walls of the. cylindelmmth hammer-like giving tise to the 
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started! to “so altemperature as ultimately to cause pre-ignition and 
loss.df:power. Pre-ignition; which ‘is the limiting! factor: cons: 
trolling the compression, never occuts under normal conditions with’ petrol,’ 
except:as a result of, persistent detonation, - If detonation prevented, a 
much:-higher compression’ can'at once be used without: any ‘risk’ of pre- 
very decided! gain»both’ in power and efficiency ‘obtained: 
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There can be little doubt but that ictamdoe 4 ene primarily upon 
the, normal rate of burning of the, fuel and this in turn depends upon th 


and,'to a less ‘extent, ‘upon: 


‘temperature ‘at 


time of igni- 


tion 


tonation can be 


ns” be ‘adopted either for slowing age 


burnitig ‘or the rature 
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the ‘normal ‘rate ae 


. fuel; “both; 
pression 
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be used. Either or both: of are With the excep- 
tion of ether, acetylene and ie barns fuels composed of light paraffin 
fractions have been proved t the ‘worst offenders as regards detona- 
tion—they are chain compounds’and therefore chemically unstable, their 
ignition point is low;‘and their normal-rate of burning very rapid. On the 


other hand, fuels belonging to the aromatic group, such as benzene, toluene — 


and xylene are ring compounds of greater chemical stability and high 
ition temperature, they cannot’ be made to detonate even with compres- 
sion ratios as high ‘as 7.5.:1. 

It has been known for-a jong time that. by adding benzol or benzene to 
paraffin petrols the tendency to detonate could be-greatly reduced, but 
recent experiments at the. writer’s laboratory have ‘shown that of these 
three members of the aromatic: gtoup, benzine isthe least effective and 


toluene the most, while xylene occupies a position midway between the - 


two. On account of their relatively low*heat’ value-per pound, it is nat- 
urally desirable to employ.as small_a proportion of aromatits as possible. 


f the three aromatics mentioned, ‘benzol fas also the highest specific — 


gravity and the lowest heat value per pound. It is, therefore, from every 
point of view the least efficient ofthe three: ‘Experiments on the variable 
compression engine have shown that the. compression pressure can be 
raised in direct proportion to: the aromatic content of the fuel. A light 
paraffin freed from aromaticsand ‘consisting mainly. of fractions of the 
paraffin series, but conforming. in-eVery.:respect to the Air Ministry’s 
specification for aircraft. spirit; detonates under normal conditions as to 
temperature, &c.,-and with the. most-efficient-mixture strength and ignition 


timing, at a compression ratio. of 4.85:1-(the degree-of compression at 


which detonation starts being very. sharplydefined). By adding 20 per 
cent of toluene the compression can be raised from 4:85:1 to 5.57:1, the 
gain in efficiency on actual test is found to. be from 31.1 per cent to 33.5 
per cent, and in mean effective pressure from 131.8 pounds per square 
inch to 140 pounds per square..inch. “Now the addition of 20 per cent 
toluene adds less than 2. per -eent to the weight of the fuel per unit of 
heat and permits:of an increase: inefficiency: per cent. The net gain 
is, therefore, very considerable. “Finding toliene the most efficient medium 
for preventing detonation, it was decided to express the tendency of fuels 
to detonate in terms of their toluene value. ’ , 

Starting with a light paraffin petrol, freed from aromtiatics, the relation 
between toluene value andthe highest. compression: ratio which could use- 
fully be em ere was. found to be as-shown in the following table, and the 
curves in 

Later investigations “showed that toluene was. not the most efficient dope, 
and that, in fact, it could not compare with alcohol, though this fuel is not 


likely to be of much value for aircraft onaccount of its low heat value. 


per pound. The ene table. gives. the. toluene values of a number of 
different fuels. 


debted to. the Asiatie Petroleum pn Limited, for whom these and 
other investigations were carried out. 


From this table will be dean. that the fuel hectnr, and cde” 


sisting of 50 per cent. benzene. and 50 per cent cyclohexane, which the 
Americans have found so successful, therefore has a toluene value of 48, 
and could be used with a compression ration of 6.6°1. 


Before proceeding further it would be well to emphasize that of all the © 


’. known volatile hydro-carbon. fuels, the total ‘internal energy (taking into 
account the heat of combustion;on:the one-hand and the change in specific 
volume on the other) is substantially the same, that i is to say, when com- 


pletely and need at the’ ratio, all fuels, i irre- 


i, : 


r permission to publish this table the writer is in-— 
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spective:of their: heating _value, swill give the same thermal :efficiency and 


the same power: to within about:2 per cent. only excéption aleohol 
and. the other members of its group; these, under normal conditions, give 
a slightly higher power becatse the increase of: specific volume after ¢om- 
bustion very.considerable, also in practice: owing: to.:their higher 
latent, ‘they are: seldom completely evaporated, with the result: that:a 
considérable,amount of evaporation takes place inthe cylinder during the 
suction stroke, thus: both increasing the weight of charge-and reducing the 
comptession temperature. Popular theories that benzol ‘or mixtures 
benzol and. petrol. give higher. power ‘at ‘the same compression: than: pu 

petrol; owe their or: to the fact that most engines have already too high 
ignition setting and often an over-rich mixture also» must. be used. The 
addition of benzol'in such a case permits of, the use of full ignition:ad- 
vance and the most. efficient mixture strength, and so gives: rise to: this . 
very: prevalent »impression. Actually: the total internal energy of, ard 
therefore the power output available from, benzol, is-very slightly less than 
petrol, Apart from varying the composition of the fuel, whichis. irndt 
always: practicable, a somewhat similar increase in compression and there- 
fore in. efficiency can:be obtained’ by the addition of inert:'gases» which 
serve merely to delay the normal rate of burning. Experiments with pure 
aromatic-free petrol.of toluene value 0 showed that the safe: compression 
ratio could be raised: from 4,85 to 1 upto 7.5:1-by the addition of::cooled 
exhaust. gas. Fig, 6: shows the relation: between meam pressure, thermal 
efficiency and, compression ratio, when just sufficient: exhaust» gas was 
admitted, in each case,to check. detonation. In :dotted lines: are:shown, by 
way of) comparison, the mean effective pressure and efficiency obtained 
with a fuel of. high toluene value, andi of the same total internal energy. 
The divergence between the two mean pressure curves indicates approxi- 
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mately the proportion of inert gas added. It will be observed that the 
compression ratio can be raised at once from 4.85;1 to over 6:1 without 
any reduction in power, whatever,.and with a very substantial gain in 
efficiency ; thus-it:is possible :to improve the economy of an engine by as 
much as 6 per cent without’ affecting’ its'*horsepowerofie way or the 
other, by the mere addition of exhaust gas, costing nothing, and adding 
nothing to the weight of the engine 8 

To appreciate the possibilities of the use of exhaust gas in this manner, 
let us suppose.that we have a fuel of toluene value 0. With such a fuel 
the highest compression ratio we can’ use if the engine isto be capable of 
running “full out” at ground level, and with an economical setting, is 
only 4.85:1, corresponding to a limiting thermal efficiency of 32.7 per cent. 
By the addition of cooled ‘exhaust’ gas a compression ratio of say 7:1 
giving a limiting thermal efficiency of 38.6 per cent could be used and still 
permit of the engine being run full out on the ground with 
perfect safety, and developing even, at ground level very nearly 
the same power as the lower compression engine. As the machine ascended 
the quantity of exhaust gas would be reduced: until at. about 12,000 feet it 


could’ be cut off altogether. It will be seen that, in this mannef;‘fiot only — 


can ‘a high compression engine be: made to operate safely on the ground 
with'‘any fuel, but that the control of exhaust gas can be' made’ to‘afford a 
very efficient altitude compensator. By way of comparison, tests were run 
with varying compressions and with a fuel of toluene value 0’ in order to 
ascertain the relation between mean pressure, compression ‘presstire, and 
compréssion ratio when detonation is prevented by ‘throttling.’ The re- 
sults obtaitred are shown in Fig. 7, and require no particular explanation. 
It is interesting to note, however, that detonation became apparent at very 
nearly ‘the same ‘compression pressure in’all cases;:“By way°of comparison 
it: will: be noted: that with this fuel the throttled engine with compres- 
sion ratio: can> develop only:'57° per: cent of its full :power onthe ground 
while:the exhaust controlled engine can develop $4 
Safety Fuels —A. good deal of interést: has been shown ‘lately ‘in’ the 
uestion ‘of: employing ‘fuels of high flash-point! to: avoid ‘fire ‘risks. So 
ar as the writer is aware, kerosene only has as yet been seriously con- 
sidered: Thére:are' two possible methods of dealing! with’ this fuel: 
. by vaporizing it and» so’ using it in ia normal type: of: engine in- 
jectingsit into-the cylinder ‘liquid, either during the suction ‘stroke or 
at the end of compression. With’ regard ‘to ‘the first method, commercial 
kerosene consists almost entirely of heavy fractions of the paraffin: series. 
These are all chain: compounds, ‘and their chemical’ stability decreases with 
increase in’ molecular ‘weight.. Fromthe :point!»of ‘view ‘of ‘detonation, 
therefore, ‘kerosene one ofthe most troublesome fuels: in existence. 
Further, in order vaporize a reasonable proportion of it, itis necessa 
to ‘raise its initial temperature to certainly not less than 60:degrees 
This means:a reduction in the ‘weight of charge of at least 20 per cent’ as 
compared with: petrol, and a corresponding ‘reduction in mean’ pressure. 
Further owing to its chemical instability onthe one hand and the high 
compression’ temperature. resulting ftom “pre-heating; the limiting ‘com- 
pression is> reduced to: ‘about’ 4.2:1, corresponding ‘to limiting thermal 
efficiency of per ‘cent afd'a limiting indicated mean pressure ‘of 
dbout'115:pounds per square inch, of, say;''100 pounds’ per’ square 
inch brake pressure:>: Again; ‘no means have yet' been discovered: ‘of 'pre- 
venting the heavier fractions condensing or thé cylinder walls and passing 
down ‘into the ‘crank-case; where they soon’ prove destructive to thé bear+ 
ings, &c:: So 'serious’ this trouble ‘proved inthe of stationary: kero- 
seneengines: that so far the only; kerosene engines °of ‘normal type ‘which 
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NOTES. 4. 


‘have sates consistently satisfactory results over long periods are,those in 
which: the working parts: are open and each bearing is lubricated individ- 
ually. Although detonation can be’ kept in check anda comparatively high 
compression ratio employed with the-help of the addition of;exhaust, gas, 
yet the low-power output, the condensation trouble, and the low. efficiency 
ate such serious drawbacks as, inthe writer's opinion, to put kerosene 
-out.of court as'a:fuel for existing types of aero engines. The alternative 
method of injecting the fuel isnot much more hopeiul so long as it is ap- 
plied to the existing type of engine... If the fuel is injected on the suction 
stroke one avoids: the Joss due: to’ pre-heating, and. can, therefore, use a 
higher :;compression obtain considerably higher power, but the con- 
densation: trouble becomes more serious than ever, while the problem of 
measuring, and pumping small quantities of fuel and) maintaining correct 
‘Brogotiiona between: the fuel and air at all loads and speeds is no. easy one. 
Lastly; the, fuel; be, admitted at the end of. compression and, ignited 
on. entry by means. ofa :hot plateior other, igniter, the very formidable 
difficulty of so pulverizing and distributing the fuel that each particle can 
find at:once the necessary. air for. co te.,combustion| has .got.ta' be . 
tackled; it{is one which is:very to, the, author, from, bitter, experi- 
ence with Diesel and semi-Diesel engines, There is, however, another, way 
of dealing with the high flashpoint, fuel problem. which, |the: writer's 
opnion, is the most hopeful at the moment. Many natural kerosenes(con- 
tain. a considerable proportion of heavy aromatic hydro-carbons:having the 
same characteristics as regards. flashpoint as:the kerosene of which, they 
form part...These aromatics, burn .with a,smoky flame, and are, therefore 
very objectionable when the fuel is used, as an illuminant.’ Recently steps 
have -been: taken, to isolate..and jremove these -heavy ,aromatics,.and; at! the 
present time! they are being removed at the rate of several thousand: tons 
per month...Their use.as safety fuel,for aircraft engines. is ;worthy.. of 
careful, consideration. Owing: to. their,.almost complete, immunity from 
detonation they can be used’ with a very high compression ratio, even after 
pterheating ina vaporizer. . Experiments, made: with. these aromatic ex- 
tracts show, that with an. inlet temperature of 60, degrees is, still pos- 
sible to. use a,compression ratio as high as 6:1, even, and 6.511, withthe 
result, that) the. is. very. high |and power output, equal 
very nearly equal to: that obtained. with ordinary petrol | low, toluene 
value, Direct comparative tests carried out with; paraffin and. samples, of 
these, aromatic,-extracts. gave. the. following: results ;-—-Kerosene,,: sp. gr. 
0.812;., ; fuel. per. 1, horsepower-;hour, 0.595,;-aromatic 
extracts, "0.884; LM. E.P., 125.5; fuel pt. pert) horsepower hour, 0.42. 
In, both cases exactly the same vaporizer temperature’ was used, the only 
difference. being in the, compression ratio employed. The results: obtained 
inthe. writer's opinion, sufficiently encouraging to justify, further: in- 
The difficulty of condensation still: remains, :but,this! appears 
to be less serious than-with kerosene, since the freedom, from any tendency 
to, detonate ;permits,,of more . pre-heating,., while it..is open:-to:question 
the, condensate i is as, destructive, to lubrication ar 


‘af, Mixture ‘Strength-—In the. earlier. part, of. ‘this oper the 
writer, hhas.;shown, that. because, of] the Josses to, dissociation, change 

cheat, and, direct heat losses; the limiting: efficiency obtainable sinder 

best, conceivable conditions is only, about the air: cycle. 

ow each; of; these sources of, loss is: a «maximum 

which, in turn is dependent upon the mixture, strength. ‘When 

mixture is so proportioned that the whole.of the;available oxygen: is 
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just combined, the maximum ‘temperature: rises to approximately 2,500 
degrees C., and the mixture strength is then approximately 47 foot pounds 
‘per cubic inch. As the mixture is weakened the maximum temperature is, 
of: course, ‘reduced, at’ first very’ slightly, ‘but so long asa homo- 
geneous mixture is employed itis not’ possible to reduce’ the mixture to 
below about 40 foot pounds per cubic’ inch, without serious loss of effi- 
ciency due to incomplete combustion, owing to the limited range of burn- 
ing of alt volatile hydrocarbon fuels:' The writer has carried out on be- 
half‘ of the Asiatic Petroleam’Company Limited, a very large number of 
‘tests on about 40 different fuels in order to ascertain the relation between 
mixture strength, power and economy. Except for insignificant ‘varia- 
tions, the characteristic efficiency and' power obtained by gradually weak- 
ening the mixture’ is‘the same for ‘all ‘fuels and ‘at ‘all compressions,’ ex- 
cepting alcohol, which on account of its greater latent heat and its large 
increase 'in specific volume gives’ incteasing power asthe mixture’ is.en- 
‘for a long ‘period after’ the point of complete combustion has been 
The curve (Fig.’'8) ‘shows’ the' relation between thermal’ efficiency and 
mixture ‘strength expressed ‘in’ terms‘ of ‘mean pressure! The 
shown is taken’ with benzol at a‘ compression ratio of 6:1 and, with but 
infinitesimal ‘variations;"it ‘may be taken’ as’ applying to any fuel except 
alcohol, It will be observed that maximum iency’ ‘is obtained’ “when 
the mixture strength is such that the mean effective’ pressure’ is about 3 
‘per cent below ‘the ‘maximum. Any further weakening of the mixture re- 
‘sults’ merely in loss‘ ‘Of ‘efficiency due ‘to incomplete combustion’: ‘Now 
‘were it ‘possible to control the power output by mixture strength alone, 
and’ still obtaitt complete ‘combustion; it ‘is clear ‘that ‘the maximum tem- 
perature: would’ then’ be proportional ‘to the! load and would’ diminish ‘as 
the foad’is' reduced: As’ the “temperattire diminished also ‘would the 
tosses ‘due to dissociation; change’ ‘of specific ‘heat, and ‘direct heat ‘loss 
‘diminish ‘untif the ‘point of no load and, therefore, of no heat 'stipply, 
they would disappear entirety andthe limiting efficiency would be virtually 
coincident with the ‘air cycle: “The accompanying’ curve (Fig.'9) shows 


how, under these conditions, ‘the ‘limiting ‘thermal éfficiency would vary 


with the load. ‘In this diagram’ the “horizontal line denotes the air-eycle 
‘efficiericy, ‘which, ‘since it takes no ‘account’ of heat’ losses;’ &c.,/ 18 constant 
for all loads, ‘the sloping line’ denotes the theoretical limiting efficiency 
over the range from no load to full foad, the third line represents’ the lim- 
iting efficiency with minimum ‘heat losses, and the fourth the actual test 
results ‘obtained ‘over the range of’ mixture strength availablé with a’ homo- 
geneous charge. While’ it is not possible to weaken the mixtute strength 
long as the charge is homogeneous, is possible'to do ‘so by ‘meatis of 
stratifeation, that is to say; by supplying the cylinder with a ‘relatively 
of combustible mixture and admitting separately ‘large 
charge’of air, keeping ‘the two separate until after ignition.’ To ‘do’ this 
fit is necessary 'to reconcile two ‘conflicting conditions—the ‘two’ portions 
of the charge must be’ prevented from mixing till after ignition; arid ‘at’ the 
same time there must be sufficient turbulence in the combustible chatge’ to 
ensure rapid combustion: These two conditions are not irreconcilable, ‘and 
the writer has succeeded experimentally on’ two engines in obtaining: the 
whole ‘range ‘from ‘dead light’ to full load by controlling’ the ‘fuel’ alotie. 
Under these’ circumstances not only’ is the efficiency on reduced loads 
higher ‘than’ could ‘be obtained by any other means, but’ the heat’ loss is’ 
low that water-cooled ‘engine can ‘be run at reduced foads ‘forany 
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The accompanying curve (Fig. 10) shows the efficiency actually ob- 
tained in one experimental engine with a compression ratio of only 5:1. 
It will be observed that it rises to no less than 37 per cent at about one- 
third full load corresponding to 4 fuel consumption of just under 0.36 
pint of benzol per indicated horsepower-hour. It will be seen that the 
curve of efficiency actually obtained follows*the-theoretical-curve; with a 
reasonable degfee of approximation. In Fig. 11 is shown a typical indi- 
cator diagram taken from one of the .two engines with a Hopkinson 

' optical indicator. It should be noted that:when working on this system 
distribution troubles disappear. In any ordinary multi-cylinder engine it 
is necessary so to proportion the mixtute® that. the.weakest cylinder re- 
ceives a charge of a certain minimum strength to ensure regular running ; 
this means that other cylinders are receiving a.slightly ‘richer charge than 
is absolutely necessary and their efficiency is therefore reduced. On the 
other hand, when working with a stratified charge, the power output of 
each cylinder is dependent solely upon the quality: of fuel admitted to it, 
so that any cylinder which receives a richer mixture thah) others will 
develop correspondingly more power, and the economy. will always be at a 
maximum, that is assuming, of-course, that the niixture strength is at all 
times below that required to me Nes the’ whole of ‘the oxygen. Again, 
from the point of view of altitide compensation nothing could be simpler, 
for (so long as the ath in the cylinder’ is not all consumed) ‘constant 
power can be maintained over any reasonable range of density by merely 
supplying a constant fuel feed, e.g., by gravity, or if-a carburetor is used 
in its crudest form, the.variation in power with.altitude. will correspond 
with the natural characteristic of the carburetor..and.will, therefore, vary 
as the square root of the density... 

With a view to gaining further practical experience’ with ‘this ‘system, 
one of the two. gas engines supplying power to the writer's laboratory 

~was, about nine months ago, converted to run with stratified charge and 
control onthe, fuel alone. conti 
violently and has developed no trouble‘of jany kind. It 1s 

running im parallel with another ‘engine: identical im severy respect but 
~ working on the ordinary cycle. In the case of the lattér-engine it is neces- 
- sary to remove the cylinder head every two.months far-decarbonizing and 
grinding in the exhaust: valve, while.the cylinder of the engine working on 
“the stratified charge has only been opened once, when: it'was found to be 
practically clean, while exhaust valve appeared to:keép.almost as cool 
the inlet. valve in the<other engine As regards govetfting and regularity 

of running there is nothing to “choose between the-tWo ‘efigines, each of 
awhich. cai develop, a;-maximunt cof 24 brake horsepower. at.750 .r.p.m. 

Althougt the above ‘experiments: suggest that. the system hasbeen de- 

veloped> toz@ practical.'stage, the writer feels that this is hardly yet the 
case, and-that considerably more research is requited before:it‘can be con- 
Sidered:swholly satisfactory. In the: writer's opinion the potentialities of 
_. working awith a stratified charge @annot be overestimated. It opens up 
the possibility of obtaining far higher efficiencies than are obtainable by 
“any other known meatis;and what is pérhaps equally important, it reduces 
the temperature of cy¢le and t.all the troubles due. to. high. tem- 
\ “peratures which directly or indirectly are the root cause of most mechani- 
cal failures,..Since the rate of heat flow to the cylinder walls varies 
roughly as the cube of temperature, and the power output practically 
directly as the temperature, it follows that. quite a small reduction in 


power will reduce the heat losses to an extent that must render air-cooling 
quite a simple problem. _. : 
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The possibilities of with a short: ‘and long. expan- 
sion stroke deserve careful consideration.  Ins‘effect this .can 
complished by the simple expedient of closing the jnlet valve late, 
compression does not start until well up, the. Compression stroke; this 
method has both direct and indirect advantages. 2 'Thé: direct advantages 
are that while the compression pressure is.controlled by the nature of the 
fuel, the expansion ratio can be extended :to and very. high 
efficiencies can be obtained, though, of coufse;-at expetise of the power 


developed per unit of cylinder volume. For example, si that-a fuel 


of toluene value 0 is used, then while the” “compression ratio is limited to 
4.85:1 on the ground, the expansion ratio,may ‘he: say 821.4 The limiting 
efficiency for 4.85:1 expansion is 32.7 per cent, ahd for 8:1, 40.6 per. cent. 


- The power output under these conditions wifl therefore be 4: 85/8 = 60 per 


cent of that obtainable with an 8:1 compression, assuming that such a 
compression could be employed, or 73 peric cenit af that obtainable if both 
compression and expansion ratio were 4.85;1.. By,ivarying the time of 
closing of the inlet valve the compression could be increased as the machine 
ascended, until at about 15,000 feet the full compression could be used 
and full power developed ; ‘thus the indicated thermal efficiency could be 
maintained at a maximum, constant over this 
e rect advantages ‘are 

(1) That with such a letting ore care 
which is a desirable characteristic: 

(2) In the event of one ‘cylinder, dope out and’ ‘the speed falling i in’ 
consequence, the compression in the remaining cylindérs is reduced, and 
the shocks due tothe irregular turning moment are also reduced. When 
controfled by throttling, the reverse is the case; if one cylinder drops out 
the others, owing-to the drop in d, take in a heavier charge, resulting 
in severe = as and increased liability to detonation. and pre-ignition. 

(3) When» working with a late-closing_ inlét valve the whole charge 
enters the cylinder and a portion is réjected. ‘The.xejected portion, which 
returns to the manifold, has picked up 4 considerable. amount of heat 
from the inlet valves, cylinder walls and sesidual exhaust. gases, of 
which heat it imparts to the inlet manifold ‘with the result that, asthe load 
is reduced, so’ is’ the. temperature. of the manifons increased, which is a de- 
sirable 

_ Some years* bed riter. catried out a series of experiments with a 
patent variable fet iin Fig 18 and) 14). fitted to a small 
engine having an expansion ratio of 5. ‘A number of very careful 


_ comparative power and consumption tests lt made, the power output of 


the engine being controlled in the one case by varying the time of closing 
,of the inlet valve, and in the other by using a normal valve setting and 
throttling the charge. The results obtained in these experiments are shown 
in Fig. 15, from which it will be observed that the gain in efficiency in the 
former case, though perhaps not so large, is nome the less quite appreciable. 
It should be noted that in these experiments the same expafsion ratio was 
-used in both cases, so that the advantage; due to. prolonged expansion was 
not obtained, and the gain in economy reporded is that due to. indirect ad- 
vantages alone, 
In aircraft engines when one is working, dyes a large range of atmos- 


eed: density the question always ‘arises—at. what density the engine © ahall 


designed to give its best performance: or ‘at: Jeast to dient its full 
power. Until comparatively recently all engines 
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évidentithed this. was unnecessary and andesirable, and 
manufacturers: were urged to. design: their engines on the assumption that, 
they» would not: be opened: full out below 10,000; feet: | So far as the writer 
manufacturers actually produced such jan engine. . It\is; how-, 
ever; interesting to consider what might, be done in this.direction...We. 
will begin’ with the assumption that modern aviation spirit a toluene. 
10,: which is about: the:average value.of American, aviation spirit: 
At-10,000! feet the air.density is.0.72, and.at this density a compression. ratio 
of be used: with such: a: fuel, giving. a theoretical, limiting :ther-. 
mal-efficiency: of 38.8 :per cent: a ‘theoretical Jimiting mean: pressure, of ; 
approximately pounds per: square inch reckoned at. ground level or.119, 
potinds per square inch at 10,000 feet... Under. these, conditions let s;now. 
consider what power the engine could develop.at:ground level, keeping just. 
free from detonation. If controlled by throttling the maximum indicated, 
mean: pressure :would :be: approximately:-95. pounds. per square If 
controlled: by: varying the time: of :closing of the inlet yalve. it: would: be, 
considerably: ‘higher, because for! various::reasons the efficiency, 
under these conditions!is greater.and would-be very nearly in the ratio of. 
525270 165. (5.250 being: the: limiting:ground: Jevel.compression; ratio. for 
a toluene valiie:10) or say; about: 122,.pounds; per, square inch... If. 
controlled by: the addition.df/ cooled: éxhaustgas the.mean 
sure,:as\ shown: ‘previously, , would, bevery) neatly. equal to,,the full; avail-. 
-dn assume ‘that. the ‘of eugina are. 
equivalent to: an.-M-E.P. of.15 pounds, (a, fair) average, figure). Then the 
theoretical: limiting -brake: mean. in the; 
pounds per square inch. C12 28 
poutids* per square ‘inch,’ while an 10,00 feet the ‘brake: MEP. 
‘be 104: pounds in all cases. 
ne ‘all’ ‘the’ explosion’ be thé: 
same, ‘aiid ‘little higher than at’10,000 feet—that'is about 480 ‘pounds 
to’ 500° ‘pounds’ per square’ inch.’ ‘In the fatter ‘case’ it’ will probably be’ 
actually lower, because the principal effect of the exhaust gas' is to slow 
the. rate‘of ‘burning and’so round ‘off the peak’ of the 
ing ‘that the propeller ‘varies asthe square ‘of the ‘speed 
directly as the ‘density, then, the engine ’ is ‘designd ‘to ‘all’ out’ at’ 
10,000 feet ‘at 1,500''r.p.m., its) maximum ‘speeds’ at ground level’ will’ be’ 
approxiniately rip.m., 1,2 0 'f.p.m.,, atid 1,320’ r.p.m., ‘respectively. 
former Case stich ‘an’ engine would’ to leave: the gr 
From ‘these ‘considerations it ‘seemS'clear that the’ principle of designing a” 
very high compression engine for use at high altitudes and throttling it on 
or near the ground is not the right one. “Of the three methods considered, . 
the use! of’ exhaust products ‘appears to be the most hopeful asa'means of 
permitting a very high compression engine to. operate satisfactorily at low 
altitudes, and still have sufficient’ power to get rapidly off the ground, The 
alternative. method of dealing the of varying ,atmospheric 
sure is to. maintain. artificial y,, groun 
there,.can. be 4 ho it of ma scores for;: 
strength. an weight of many ,o parts, may, 
density in‘ the cylinder, there still remains a very considerab Sa aig 
whose, weight is; altogether independent of the pressure. in, the :cylinder, so 
that the weight of the engine, ‘as a whole,:can only vary as: the 
plus a very large constant. 
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There ave at least’two possible ways-of dealing with the. supercharging’ 
problem; one by. merely forcing more: fuel: air ‘into: the: cylinder ‘by 
means df' a pump or blower and the other by employing a supercharge of 
pure air in a stratified form. Some four years ago the writer carried out 
a very ‘extensive series of tests on this latter ‘system, and: obtained: most 
encouraging results on two experimental: engines, but had to break off 
these’ experiments and concentrate all: his attention .on' engines. for tanks. 
The‘ results obtained ‘were, however; so encouraging that further tests 
should -be' made: Apart ‘from: the obvious increase in’ power! at high \alti-. 
tudes’ this system of supercharging provides a per fect and automatic 'com- 
pensation of mixture strength for altitude, and gives:a considerable ‘in- 
creage'in' economy,:the ‘consumption ‘falling’ from 0.49 pound per brake 
when: running to: ‘pound when 


reing. 

Limiting Size of Cylinder-—Designers: of ‘engines: have; in. ‘the: 
writer's: ‘shown quite unnecessary timidity in regard to the Power 
output obtainable’ from’ individual cylinders. -So far as.ithe writer is 
aware tio’ one has yet had the courage to construct an aero engine with. 
cylinders ‘developing more than 50 ‘horsepower each. Some two and a half. 
years ‘ago, as a result of experience with large cylinders on tank engines, 
the writer was requested or rather challenged by the Air Board to design. 
an engine ‘for aircraft to develop 100 horsepower: per cylinder, com-- 
was prepared, and after much delay:a single cylinder unit was. 

It at Farnborough having. a bore of 204 mm. and a stroke of 280 mm. 
A part longitudinal section’ and a cross-section of the: complete six- 
cylinder’ 600 ‘horsepower engine are shown in Figs. 
This unit “has -been running ‘on’ and off for over. a’ year.’ 
from a mysterious failure of the valve gear at first which has 
quite explained, it has given very little trouble, and no, trouble at all: which 
can be attributed to its large size. In view of the fact that its compression 
ratio is only 4.84:1, the results obtained are rather extraordinary and.con-. 
stitute, the, writer believes, gate a record for yan From 
the. accompan mpanying curves, Fig. 18. (for permission. to. hich the. 
writer: is inde to the Superintendent of the Royal perl Establish- . 
ment), it will be observed that this single-cylinder unit develops 120 brake, 
horsepower. when running, at 1,350, r.p.m. with a consumption of on 
0:493 pound per brake horsepower-hout at its.normal speed of 1,250 2 io 
corresponding to an indicated thermal efficiency. of 31.2 per cent, or withi 
4. per cent of the limiting value, for, this compression and an indicated. 
mean pressure of 150 pounds square inch, These. results will, the. 
writer hopes, help to dispose of the; myth that very large cylinders can 
only operate with relatively low mean a low 
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TECHNICAL RESULTS OF THE BATTLE OF 
“In the’ of the of Jutland six fought. 
These'were subsequetitly reduced ‘to four, against five Germati vessels. 
ships’ were the battle cruisers: Lion, Royal, Queen Mary, 
Tiger, ‘New Zealand; and ‘Indefatigable, and ‘the Lutzow, Derfiinger. 
Seydlite, Von der. Tani, rand M oltke. _ The other battle ‘erntisers Tn le,’ 
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Indomitable_ and Inflexible, join tty’s. squadron after:, 
loss of .the.Jndefatigable ‘aad Ou th sides the types 

very best and, newest produced. by the naval, technics and: the 
industry of the two countries in the matter of battle cruisers. 

The oldest British units were, the  Javincible, Indomitable, and. 
launched i in the spring. of, 1907, and the German Van der Tann laun 
March, 1909; whilst the latest:-were onthe British side, the Tiger; launched 
in; the autumn. of 1913, and. the German Lutzow, launched on November 
of the same year. It has been said that, the battle of Jutland: was, 

a big ship fight, and, in aon of fact, the action of the light cruisers, de- 
stroyers and torpedo boats, which was lively during the fight and the fol- 
lowing night, did not and could not have important results. I shall there- 
fore limit my considerations to the battle cruisers the names of which I 
have. stated above, The battle. was fought by cruisers each propelled: by 
Parson's turbines,.with the excéption. of the Tiger. which carried, for the 
high-pressure side Brown-Curtiss turbines. .Steam,was supplied, in the 
British, ships, by, Yarrow. and Babcock-Wilcox boilers, and by Schu 
boilers. in.;the German units. None of the cruisers, considered was: fitt 
with reduction gear,.this having, made its in 
with the cruising turbine of the Queen Elizabeth only. 

Oil fuel firing was largely used. in the British fleet and i in the German 
destroyers, but only..to a very limited extent in the large units of the ‘ater 
nation... For this. reason the German cruisers were not in a position to bush 
steam, production to the maximum. allowed by the boilers and tubes. 
be taken. as an extreme limit that 300 kg. of coal. per square meter-of grate 
area, canbe burnt in, one hour, giving an evaporation of 2,400 kg. on, re- 
placing this by oil fuel,.at a normal consumption of 7 kg. per square meter 
of heating surface and reckoning upon. a heating surface, 50 times, greater 
than the grate area, mie an evaporation of 11 kg. per kilo. of oil burnt, the 


same yield. 3,850 steam. as against the 2,400 kg., or about 


one and.a half times more. is explains, why the British were ablein the 
action’ to; exceed. with. their. s.the speeds secured at the.speed.trials, 

whilst the Germans remained below. the results they had claimed, although 
the Schulz boiler, which is, in .substance,,a boiler adapted to torpedo boats - 
and. light ships, lends itself rather better to. high combustions than the 
boilers in the British. ships. 

‘The maximum speeds. run.at Jutland. by the British. cruisers 
were 28 knots, and 28.5 knots at the Dogger Bank, whilst those of the 
German cruisers never exceeded 26 knots, There was, therefore, a differ- 
ence of at least 2 knots between the speeds ‘of the two squadrons which 
had to develop their maximum speed in various phases of the action. It 
is difficult; not to: say impossible; to indicate with technical exactness the 
secondary. damage to machinery which ‘occurred in the fight, it:can how- 
ever be said that | in neither of the two squadrons did the sustained effort 


“cause any, ‘and thet the: formations could: be nisinteined, with the 
exception: 


ecessary: 
be: towed; following upon the battle on was 

Under ‘the ‘heading “ Damage caused by Arti tery” the paper:also deals 
‘more especially: with the action in which: the’ six: British and: five ‘German. 
cruisers above’ referred: to took’ part, ‘since it offers ‘an easy comparative 
study. This action; which: commenced at 3.48 (English time)'on May 31, 
uced three’ minutes ‘later ‘its’ first’a effects; wher the Lion 

‘Princess Royal were struck. “At'4 o'clock ‘the ships. were fully 
and: capsized.: The titish ships accounted for a total 
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of 889,856 ‘meter tots, the five German ships’ 645,276 
‘meter’ tons, this showing a superiority: in favor of the British ships of 1.37 
‘to ‘assuming that the rapidity’ of fire of one salvo was 


“Phe German’ were also: inferior to’ the: British’ as regards 
‘Seeitiy that speed, according ‘to competent tacticians and to simple common- 
‘sense deductions, is of primary, if not of vital importance, one is justified 
‘in taking as a criterion in this’ matter’ the square of the: two 
of ‘comparison, this giving— 


‘But the as some Com pensation fot offen- 
power of their heavy artillery an peed; were provided with’ a sys- 
tem of armor protection’ superior’ ‘to that of their opponents. Tt will suf- 
fice to mention that the maximum thickness at the ‘sheerstrake’ was 305 
‘mm. in the German ships and 228 mim. in the British, to say nothing of the 
superiority in quality and resistance of the steels used in the fleet 
(Jellicoe, “ The Grand Fleet”). The horizontal protection also, that is to 
‘say the measures taken to prevent ‘the’ penetration ‘of the decks by the’ pro- 
Pie of high angle fire and to’ keep the flames ‘from exploding’ ‘shells 
from spreading rapidly through the: elevators and other means of'com- 
‘munication, was also of marked ‘superiority in the German cruisers:* In 
the Gefman ships, the lateral’ longitudinal bulkheads ‘were ‘protected by 
‘nickel steel armor running over'a great part of the ship’s lerigth, ‘whilst 
in ‘the’ British ships the maximum Protection ‘was Timited to 
adjoinirig the munitions magazines; 

An approximate measure of ‘compatison £0 * ‘the protection of ‘both 
squadrons ‘may be arrived ‘at by’ placing ‘side by’ side’ the‘ resistance 
foration of the ‘maximum thickness ‘of the-vertical armor, and assuming 
that the ‘same proportion obtains’ in’ the horizontal armor of’ ‘the two 

squadrons, ‘and neglecting the difference in the sté¢! quality.’ Since: ‘it is 
erally admitted that resistance to ‘perforation of ‘steel plates’i ‘48 propor- 

‘tional to the square of their ‘thickness, it follows that the ratio between the 

uares of the average thickness of the main atmor’ coveritige of thé ‘op- 
posing squadrons will give the comparative of the’ ‘Protection,’ ‘hence 


Value of the British defensive system,“ 211%,,.. 


very: similar is: arrived: inti if; ‘instead, ‘oh ithe 
of the armor the total weight. of armor,and. protection is. taken in, the. cane 
-of those: ships: for which: these data.are; known, bisa ad 49 
There would; of cours¢, be other: elements take. into: acbount: te 
at.an exactorelative: value the. two squadrons... In the first: place; there 
ate ithe available means for: underwater offensive.:; But there could appear 
to! be-no necessity for taking this:into:acedunt, for only the’ effects of gun 
fire eruisers ‘fighting /always.at a distance! greater than the possible 
mange! of Aorpedossi is ‘now. being considered. ; In. the| same! way, the-con- 
sideration of the various) conditions affecting, the work, of: the: crews, ques- 
tions of habitability,iof the spirit of, decision,on ‘the part of the (cOmmiand- 
ing’ officers,| and: various: other) tactical, /featurés: and. 'fortuitous; occur- 
enees, do not enter into thée-technical study, forming, the\ object of; the’ paper. 
an: \exelusively| technical de view: an interesting co 
‘can; be obtained, by: ig the three-factors given:above. ) 
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gives as the technicab:value of the British squadron 1.37 X120:X 0.54= 
0887 of the German squadron, That is 'to'say, the six: British cruisers in 
the artillery ‘encounter represented; a technical: war value. of ‘about: nine- 
tenths that of the’ five German’ ofies. is a rough valuation, but: it: is 
not contradicted by the facts and ‘appears to be shared by’ British public 

inion ‘which* extols the valor'of Admiral Beatty in having éngaged the 

fman cruisers with the’ allowing: the tee Tine 
come into action though aware that he was running great/ risks with’ his 
own ships. This comparison is also justified by the fact that the three 
British cruisers Indefatigable, Queen Mary and Invincible were sunk by © 
the German cruisers though the latter had up till that point suffered no loss, 
and that this was accomplished notwithstanding the manner in which the 
action was conducted by Admiral Béatty, which is considered by experts 
to have been most able. Further, at the close of the day, the five German 
ships found themselves unable to continue the fight, but this was due 
especially to the 381 mm. projectiles fired by the squadron of four fast 
battleships which acted in support of the cruisers, and to the projectiles of 
the Jellicoe squadron. 

In the particular action dealt with between the two cruiser squadrons, 
the torpedo did not; for various reasons, play any decisive nor any very 
important part, notwithstanding the very large number of torpedoes 
launched, It appears that no torpedo launched from a battle cruiser struck 
an enemy cruiser. This, besides the distance which was maintained be- 
tween the adversaries, was due to the impossibility of directing with any 
degree of accuracy torpedoes launched by transverse, underwater tubes 
from ships steaming at a speed of 25 knots or 26 knots... 

The action of the numerous submarines had more effect i in attacking by - 
torpedo and in driving back the enemy’s flotilla of submarines. In this, 
secondary, action which has been yividly described by. Captain. van Hase 
a very. large number of torpedoes were launched and two German ships, the * 
Seydlitz and the Lutzow were struck and damaged, for, as Captain van 
Hase states, the ‘British submarines managed to get “ diabolically near” ‘the 


‘ehemy cruisérs, notwithstanding the active firing: of the secondary arma- 


ment of the ships and of the submarines, Se is evident that the submarines 
found it most advantageous to attack the bows of enemy ships, since the 
effect of the combination of the speed of the torpedo and of the ship, \ en- 
abled the submarine to attack from distances greater than the normal 

of torpedoes, whilst at the same time also being less exposed to. gun fire; 


_ both the Seydlitz and the Lutzow were struck in the bows. But still more 


effective and more Sains was the night action of the submarines, espe- 
cially on the part gt the British. The scope. of the. pres Paper is, how- 
ever, Cotifined t action bétween the cruisers and thi the 
to enter into those technical details. Tt be added, 
the secondary ‘by ships was also 

summ up the asses anc wt 
cruisers the ‘battleships which inte contact 
ers during wement, the losses covering 
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combat -and | completely: disabled. before being being torpedoed..In the day.en- 
gagement, action inst;; the: Marlborough was 
decidedly in faver|of submarine he great: distance between the 
units; the difficulty of underwater launching, and the high! ‘squadron speed 
have already! been’: mentioned in regard to:torpedo: attack.) The torpedoes 
which reached their targets may all be taken\.as having been launched by 


gee | 


in to the to ihe by gun fire 
torpedoes to other ships which, at the close of the day, could be taken ‘as 
disabled, were included, there ‘would come in on the one side the Marl- 
borough and, on the other, the Seydlitz and the Derfflinger, the two latter 
having been ‘disabled and their guns silenced; to include these might, how- 
ever, give rise to uncertainties and they have therefore been omitted. The 
proportion between the ships lost by torpedoes and by gun fire would again 
vary, the German losses by torpedoes increasing, if account were taken of 
the vessels sunk during the night which followed the ag In this. case 
there would have to be reckoned Germany’s loss of the old oda 
Pommern of 13,000 tons, torpedoed and exploded early in the morning o 
June 1; of the light cruiser Rostock of 4,800 tons, also torpedoed; of the 
Frauenlob, 2,600 tons, sunk by gun fire; of the Elbing, another fi 
cruiser sunk in action a agian British destroyers, and other five destroyers. 
In the same night, the British squadron lost the Sparrowhawk, Tipperary, 
and Turbulent, the former by an accidental collision, the other two sun 
by vane ships, and also the Fortune and Ardent, of 900 tons, sunk. by 


“Examination of the night losses, however, does not help to establish any 
comparison between the effects of gun fire and of the torpedo, the actions 
haying been intermittent and the occurrences frequently accidental, It is 
evident that in the Jutland battle, as.is now generally admitted, the heavy 
armamient on both sides Came chiefly into play, the torpedo taking but a 
very minor part in the action. Aerial craft played no. part beyond sal 
noitering carried out by a British aeroplane and. by a German dirigible,. 

The engagement proves great utility of adequate armor protection, 
this ‘requisite having enabled the Germans to inflict damages far in, excess 
of those they suffered. In this connection it may be said that a compara- 
tive ‘study, of the quality of the steels used by. the two fleets both for.a 
and projectiles will throw much light upon He great rae which has sig- 
nalized the end’ of the German naval power. Admiral a cod and, in 
eral British technical men admit the superiority of the German materials, 


fally the, rolectiles t long ranges, the armor pie 
it fine ‘with delay “action at short, ranges... It 
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denied ‘that a careful» preparation: 'r ‘not upon ‘naval traditions! but 
upon unwearied study on the part: ‘echnical men ‘had: at: the: Jutland 
battles the foreseen’ consequences: 961) 

‘The effectiveness of the means of defense against ects, ‘explosions 
has ‘tobe’ placed to the credit of the naval architects of the two nations. 
The most efficient means'of defence ‘was that of the transverse watertight 
bulkhead, since all the torpedoed German:ships which could: make port were 
able to do so ‘because one transverse’ bulkhead at least resisted the water 
pressure of the thrust upon ‘it:due to the speed of the ship. The battleship 
Audacious which ‘struck amine in October, 1914, off the coast: of Ireland 
and had a hole 10 m. long blown in her ‘hull only sunk close to port: and 
then solely tothe bad weather: prevailing at the time!) The: Marl- 
borough retired trom the line five ‘hours after being torpedoed, the water- 
tight ‘bulkhead which kept her afloat:being unable to: withstand: the heavy 
pressure upon it caused by her speed of 17 knots which was that required. 
to’ maintain her'in the line: The me able 
because her transverse bulkheads held. 

It ‘is: therefore’ particularly ‘upon the transverse bulkheads, their: 
tribution, strength and height, that the studies of naval architecture: will 
have to future, and ‘this with all the r reason” because the 
submarine’ peril remains ‘a most serious one.: In engagement under re- 
view the British Navy lost’ only two units’ by: submarine:action; ‘whilst:dur- 
ing the whole war' of a total’of 213 units:lost, 93 were:sunk by ‘submarine 
explosions. If we consider the case of Italy fighting in the! Adriatic, a sea 
of no great depth, in which mines can easily be laid and where the action 


_ by submarines and torpedoes is also easy’ 


bases, we have to guard against danger in this with the greatest 
care. During the war, our losses: by torpedo or mine: amounted to about 


52 per cent of the total... For the ‘same reason, all’ the important losses 
inflicted by Italy upon: Austria: were due to'mines‘or the torpedoy! 


Inthe future, the transverse: section :of: the: armored deck ‘will:have to 


_ be modified with the object of ‘decreasing the: volume of the fateral,' flooded: 


compartments ‘and: facilitating the dispersion outside the ship of the gases: 
from explosions which now reach the inside, At Jutland the:armored deck 
answered its purpose in: regard to protecting ‘the engines, boilers and! steer= 
ing gear. It was perforated in the case of two German ships 'and’/prob- 
ably in’ that ps a British one}! but generally! speaking it»remaineds water- 
tight: As much’ cannot) be said in. regard to the protection of the ‘ships’ 
stability which the shape of ‘the cross"section was: intended. to insure: ‘The . 
ships sunk both at Jutland and at. the Dogger Bank either blew up owing 
to fire in; the magazines or capsized. Almost in every case, the central line 
of the armored deck, when the ships were cleared for action, was level 
with the plane. offidtation or it, this renderinig’ ‘the trapezodial s sec- 
‘ipa. useless with regard to stability, 
Given. the probability great | in the fdture. ‘of aerial 
attacks with projectiles falling at angles of 45 with the same 
; both on the sides and on the k, it will be in future ba ape 
r,the naval architect to design fhat a target 30 m, wide 
and a target of in width, by Aus sides, both 
sed to , dange er but the first’ being protected by a 25 mm. 
hickness of Steel, whilst the other ‘protected by a thickness of 300'r mm, 
i was the state of. matters at Jutland, and it mad its fatal consequences, 
whale-backed ‘shape’ to be the solution, the deck, armor be 
continued the, Sides, The of deck a which i fo 
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small ratio length breadth,. the :latter: feature! enabling them ‘to be 
maneuvered ‘against torpedo attack., The extreme lateral. positions 
f the main installations was found at the,Jutland battle to, involve grave 
danger. -Theisameé:may: be said:of/the location,.of :the- munitions, maga- 
zinesin the:certer:of ithe ship between the stokeholds ; this, must be done 
away:with as also: side! underwater: torpedo’ launching, tubes, since these 
were found to be useless at the high speeds which prevailed. 
Invregard to boilers, thosé having! small, tubes and using. oil fuel, 
their superiority. necessity: wasialso demonstrated :of|keeping the: feed 
water tanks) low dowii' so:as to: ptevent what happened: to’ the..Ltom at: the 
Dogger: Bank, The oil fuel reserves have to be kept.low:down also,so as 
to: decrease fire:risks: ‘Radical reforms also have)to,be,made in con- 
nection -with all. stores: containing: combustible ‘material: and: exposed to 
shelt fire}; as;also!:in: the of Magazines 
‘There evidence that ‘there! were: at the Jutland: hattle any 
ships provided with automatic stabilizing. idevices,' but. it is) known: that 
especially: in 'the' German navy there was)in this: connection very; efficient 
organization.» Considering thé: enormous volumes of ;water: which: entered 
the ships..struck:»by: torpedo;|:atitomatic systems. would: appear to. be.im- 
possible. |; The operation ‘of stabilizing would have to.be very prompt and 
quick in action; for this:is' essential:to the saving of a :ship, but’ the’ effect 
will: have-to ‘be secured by valves!\operated at. will: ‘The: introduction of 
anti-rolling tanks ‘seems: to-be! excluded also... The: course of the two squad- 
rons, especially: that:of Captain 'von Hase, involved matiy changes and evo- 
and: in) such! conditions, the: anti-rolling, tanks would be: ithe: ‘source 
of e danger in) ai ‘rough -séa. i 4 
cluding: this ;rapid; review, made’ vole Seca the. 
tect’s point it may: be: said that whilst from a consideration of the 
Jutland, battle, alone,’ speed, gun: fire, and. armor protection appear tobe 
pre-eminent, ini importance above other: factors,: such views must: be 
modifiéd to suit the various conditions of different seas:where, future naval 
engagements miay take place; the future) development of aerial craft has 
also to be:borne!in: mind: ‘If one! considered only the Jutland battle, ships 
powerfully armed, heavily atmored;of:very high: speed and jofvery high 
cost, would be ‘suggested. on the other: hand: one: looks ,at ‘the: war .at 
sea'as a whole, one realizes that the mine,'the torpedo; the submarine and: 
the torpedo boats, even of the sniallest classes, have a 
ay sda is hak te 
“EXPERIMENTS on’ THE “OSCILLATION: OF 


The rayane is a highly invention, developed’ 
t ‘combat the submarine menace and to protect ships. against. moored. 
nes. When fitted to Bappian shipping, the device went by the ‘name of 
otter, and: was used ont oF the to protect the ship 
tance and utility. or otter have already. been 
the. resented the author to. British 


n which 
- otters. 


ing 


were conducted Upon | known as ie, Vickers 
lained that otters were 
| statehed to Weymouth 
iralty. directions, After 
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passing.‘the prescribed test, they; by, te Admiralty, and 
isnot, desired in this, article. to.enter, fully upon. the 
or to;diseuss. the of, their. cunning, It is concerned 
running. of, otters under, testing conditions. Test conditions 
from, the ordinary running, conditions in one. important, 
otter is towed from.a point: above sea level during test, As.a 
tact. the; otter. was, set, to) run.at ol 9. ata 
towing wre to boat by 
means of,a towing wire 45 yards 
An otter of test for ay, one ot. 


1) The” otfér ‘tay be 

otter may not run at va 

As regards the first two points, the testing officer observed the behavior 
of the otter at the commencement and conclusion of the run. As regards 
the ‘third and fourth points, the method of judging the depth and oscilla- 
tion of an otter was by noting the length of the towing wire between the 
surface of the sea and the tow point,on the vessel during the run. The 
ship end of the towing wire was marked off in fathom lengths, and with 
each fathom. length was associated a depth. The behavior of the otter 
could then be quickly observed during the run. 

The distinctive difference between the port and. starboard towing wires 
during the run is that the port wire enters the water_at a much steeper 
angle than the: starboard wire, even though the otters are running at the 
same depth. This’ fs due to the tutning’ effect on the wire gaused by ‘thie 
water resistance when towing a right-hand lay wire through the water on 
different quarters of the vessel. This effect will be termed for brevity the 
“turbining effect.” It was not possible to perform tests on wires at Wey- 
mouth to elucidate further, this interesting phenomenon, which will there- 
fore not be considered in detail. In order to allow for the weight of the 
wire and the turbining effect of towing a right-hand lay wire through the 
water, it was assumed that the port wire sagged 4 degrees, and that the 
starboard wire hogged 2 degrees. Tables of depth readings were then 
drawn up, giving the depth of otter corresponding to the iength of wire 
visible between the point of tow and the surface of the sea, 

Of the otters which failed to pass the test, it‘was found that 95 to 98 

cent were starboard otters, and they failed because°of’ excessive oscil- 
tion. It was found that, ally speaking, port otters ran steadily. 
Indeed, many failed starboar Otters passed successfully when transferred 
to port. Examination of failed otters showed that the known reasons 
for the oscillation of otters, yiz., incorrect alignment, defective workman- 
ship, excessive friction in the moving “parts of the hydrostatic valve and 
rudder, did not in all cases nt for repeated failures. 

Iti is clear that the main ‘di al in the running of pga and port 
otters, all other things being the same, lies in the: use of the towing wire 
with right-hand lay on both sides of the vessel. All trouble would be re- 
moved by the use of a right-hand lay A on hth: pe port Age and a left-hand 
lay wire on the starboard side. However, if'adopted for testing purposes, 
this arrangement would ‘have to — for service conditions. 
This was deemed inadvisable because of the presumed» difficulty an ordi- 
nary deckhand on a merchant vessel would have in —e between 
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a right-hand and ‘left-hand lay Mire and because‘of the extreme likelihood 
of many mistakes occurritig, ' ere would ‘be ‘the further disadvantage 
that an increased ‘number of ‘spare ‘parts’ would’ have’ to” ‘be provided. ‘It 
was teh refore necessary to stabilize 'the'starboard’ otter’ in another’ way: 
occurred to the‘ author that the turbining effect of the wire caused: 
of different hand anda force of different direction to act upon ‘port 
and starboard’ otters, and ‘that therefore a solution to the problem ‘of’ the 
failed ‘starboatd otters would be obtained by making ‘the trim’ of the’ star- 
board otter different to' that of the port. ‘Asa’ few tentative experiments 
proved that there was some truth in ‘the the author: was 
sructed: to’ ‘conduct experiments: to obtain further ‘information. 
The only piece of extra experimental apparatus designedfor the: ‘work 
was a special towing bracket. This towing bracket replaced. the, cutter 
‘bracket on certain runs, and was such that the point'of tow could be moved 
relatively to the plane. It was thus possible to SAREE, Logi eege to 


show the effects oscillation when the tow “point of Pe Per was 
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idea of the transverse position of the:tow point 
O¢curted ‘to! the author from‘ the following considerations -—Fig. ‘1:shows 
that under, testing conditions,’ the’ plane’ of the*starboard’ otter is :probably: 
further! from ‘the vertical than’ the’ plane of thé “portotter, Although’ the 
difference ‘between the two is computed: tobe only ‘about 6: 
the effect is greater under testing conditions than’ under service conditi 
when the ropes are, neglecting hog and sag, approximately horizontal! ' 
any rate, the starboard plane could be*made to approach @ vertical position — 
by: altering the tow point’ from the! centerline of thevotter to a position 
nearér to the float—as ‘shown’ in Fig? By svitably’'selecting this posi+ 
tion, it was thought that the’ starboard ‘otters would prove as stable as port 
otters under testing conditions: ‘Unfortunately, it' was not ‘possible'to throw 
the tow point eccentrically ‘more ‘thant’ inch ‘with ‘the apparatus’ “atethe 
author’s disposal. Det 
otters were chosen for It was known that 
when the otters came from the mantifacturers they ‘varied very consider- 
ably in ‘weight and balance. ‘The’ “Of 
mental otter consisted of 


ination of weight and center. gravity; and, 


oud 


potter, constant, weight -of ‘otter ofr 
9} sda (2) Effect: of altering 


be" 


to tdgiow 
(8) Effect. of- altering, setting 
Effect of altering point of tow: iby 4 
acting Effect of;altering.. point of, tow teanayersely: te: a Tatio 

s impracticable, to arrange ‘the periments on a ‘scientific 
bis n account.of the many, variab: was 


experimental runs.in which only one. factor was 

tere ‘at atime, A special design of otter would have obviated this,d 
ck, but the of otter work, at the time made. 
impossible... ‘Tim impo the experiments had to be, con- 

ducted: upon of design, were theref: 

anged to be such as to quickly. such information as, 

acilitate the design and aeqereod testing of otters. And i in partiqul: 
he commercial. stabilization. of the starboard otter, was. of am- 
ortanice. In other words, desired in: these. experiments, to 


ine some method or meth reduci oscillation, of the starboar : 
otter component. parts. ' 

he results of the, may. be | 

large proportion—from: testing, station records 


change of trim would facilitate yi passing, a a 


CG. lies aft’ of the no Dosi 
di ‘quickly at ‘the: commencem sh 
the G; G. of Port otters within which successful or the occur. 
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(3) Changes of. running depth, due to, alterations: of trim within) the 
passing ‘limits, are not, constant, may be due either, to errors, in, the 
reading of the: fathom. marks on the towing, wires or, to, a, slight variability 
in| the, stiffness of the diaphragm. , On, the, whole, it would, appear, that; the 
movement of the C.G. forward makes the otter run slightly, more.shallow; 
the, aft makes. it run. slightly, deeper. than-the set 
No: relation between the, movement of the| transverse. C.G. and the 
passing or failure of-an’ otter can, be, found, although the evidence.on this 
point isnot conclusive, Jt would: appear that. the position of; the trans- 
verse C.G. only, affects) the otter in| diving..or, at very. low, speeds. The 
largen dynamic forces on, the plane when running at the higher speeds seem 
little alterations that.can, be, made to the static transverse 


5), Jt would appear, that. small, changes, in the weight, of an, otter, that 
is in effect, changes, inthe reserve buoyancy otter, do, not affect.ap- 
preciably; the Otters; may,; however, be too heavy, or too, light, 
‘They are too heavy and fail by specification if. they, do not, rise to, the sur- 
face at the conclusion of the run. That is to say, the reserve huoyancy of 
an M II, otter must be such that it can ‘fldatwhilst carrying about one-half 
of the weight’ of the towing'wire: ‘regards ‘the ‘running test, however, 
it would heavy Aer ‘and that the upper 
imit for the weight of an otter, was not reached on these exper. mee nts,“ 
de of that the specified. condition that otters s be 
buoyant at the conclusion of the run is only laid down because of the prac- 
tical difficulties of ‘seamanship when ‘the ‘otters are’ used on’ service) 

On the other hand, there appears ‘to be‘a ‘limiting value ‘to’the minimum 
weight of an otter. Below this weight ‘the otter appears to be unstable 
when running. The reserve buoyancy of an’ otter is*apparently overcome 
by the rudder; that''is'to say; the rudder‘is not ‘exactly neutral when the 
otter is running at itsoset depth. “And the ‘greater the’ reserve buoyancy the 
qrepter must be the movement of the rudder from its neutral P irae 

pparently, an excessive to overcome buoyancy is Sufficient to 
alter the virtual trim, and in ‘that’ way to cause oscillation. 9 
‘’The‘turbining effect of the wire reduces ’the virtual ‘buoyancy of the’ port 
otter, ‘but ‘increases that of 'thé starboard otter by'an amount which va 
as ‘the 'spéed ‘Of tow.’ Otters therefore ‘tend to be unstable on the port ‘side 
at ‘the’ commencement’ of ‘a ‘rin when the tufbining effect is small, un. 
the ‘starboard ‘side at full the turbining effect is a 
‘Otters changéd" froi “pert tarboard ‘or ftom”! fboard 40’ per 

the port side, “This is'baitly due to ertors'in the tables Of 
ning the table for port’ running—and partly to error 
Effect’ of “up” GE “down” hélin’ ig ‘Hot’ only’ alter’ thé’? 
dep ofthe ote, bt of te Change the amo 
os tbe towing resistance: of the. tail, weight 
appeat to, be appreciable, 
°(9)' The position of the tow point longitudinally: could, with’ advantage 
be 'maved ‘from. its present, osition, splisie ot bmi 
11990 nian Inteessarte aretto daog to . ods 
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ithe tow point transversely with advantage be 
placed nearer the float in. otters, of 
on the port otters we  noticoncluded because they iy ag With the out- 
put of tested otters from. the station. It appe: ho is eg that little ad- 
vantage accruedofrom”a ration tried. © are in accord- 
ance with the theo! earlier in thts 

In conclusion, the guthor wishes to acknowle his>ine 
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In 1916 tonstruction in Germany dry dock for 
testing subinarines summer. of-<api8 the was com- 
pleted. of- ibnarines com De testéd-under pressures 
corresponding to feet without necessity of risking the 
loss of lives or el, 1919, 54 the ter of the Armistice, the doce’. 
the pee: and is ting wsed for testing 

ritish s 

on pont stifficie: oneither Aoeking a submarine 
for repairs, | Big. 1) has. ent! bhoyancy: ‘to support the 
weight of athe idock,-the: and the submarines to be tested or re- 
paired. wing-tanks and lat the four. of the dock 


serve to Kéep the dock on an even ieee! being taised/or submerged. 
The connegtin and. ” provide stabil when he dock is sub- 


merged, the subi ‘being tested with the submerged. 

The testi has a clear diameter | b inches a 
length of 380 feet % inghes.: One etid is closed by a pherical bu 
head and the» end jis | ‘The open end ig fitted with a- steel no 
stiffening 9.3%; inches, All sea butt#are riv- 
eted and afi rivets are countersunk ‘on ingi fyi Three 
domes are: fitted! at the top of the 0 the and one at 


each end, “for ‘collecting (the: air: which éxp the ‘cylinder is 
filled with’ water. Air pipes lead from these [domes to ontro] house 
where thes. caf he closed by of cocks as the Cylinder is full. 


The middle dome is-fitted with a/safety valve. the submarine to 
be tested ‘bya? Threg: manholes are fitted for 
access to of ‘ther cy arge ‘electrically operated 
slide valves Ta othe | 


| 


vessel whose periphery. is daisson is spheri- 
y shaped ed | the frat tum of a cone 
(Fig. 3). The 


pressure } ye D er side is so 


he 
FLOATING CK FOR TESTING SUBMARINES.* see 
im 
ble 
me 
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LOW 
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* From “ Zeitschrift des, Vereines. Deutscher Ingenidur 
| 


CATON 


th 


1958 
MT 


10} 


fe a 


5 


oft 


an} 
ilizaal 
bas. baat 
badisede 
bite. bois 
tix 
bis doses 
bolt 
of 
1 bstest od 
223998 
ny. 2aviev 


at 


of 


An 


SAT 

uni 


E 


ititdsatisX * 


‘ 
4 
| 


NOTES. 


formed as to give proper stability to. the-caisson when floating. .At the 
periphery of the he a steel surface Seven which lies against the 
wood sheathing of f the steel ring at. the efid of the cylinder. 

When pumping water,into-the ‘cylinder, the pressuré on the inside 
the caigson against the cylinder. ting and this prevents leakage. A counter 
weight, which’ Ci ‘be rotated, is motinted imside the caisson. By.m eans of 
a hand), gear. t can be, rotated so that the caigson turned 
90 degrees, It is necesSary to turn the caisson thre 
deg: order to get it the: ‘elliptical 


4 


5 


ing of the cylinder: the has the 

it is returned to the upright position and brought against cylinder ring 

20 that ithe anges are It is held in this. 

iby dogs at the outside of the cylinder and pumping then begins. 

caisson is divided into watertight compartments which are emptied or 
filled with water in order to regulate its floating position. 
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roomy: control house: is located:over the middle of’ the ‘and 
‘contains ‘all the» apparatus necessary for raising or submerging and for 
testing ‘the submarines; The apparatus is ‘similar to: that in use on modern 
floating dry docks: and includes’ levers: tor the operation -of the valves, 
draft! gages for the different tanks and for the fore ‘and aft drafts of: the 
dock, hydraulic depth gages, and switches for the operation of: the high 
~“ a pressure pumps and of-the large slide valves for draining the 
cylinder, 


* SHT 
Two low essure pumps are used for pee ey ‘or a the dock 
and for: filling the cylinder. high pressure pumps are provided: for in- 
creasing the pressure within the cylinder when testing submarines: The 
suction and discharge piping is arranged in two systems, one for each side 
of the dock and’one low pressure ‘pump is eontiected to each system. These 
systems are’cross-connected so that one pump can be used for both. The 
discharge sides of the pumps’ are connected to the ‘cylinder so’ that, water 
pumped from the ‘pontoons Ay transferred to the cylinder without 
altering the draft of the dock. various valves aré controlled by means 
of rope pulls. ‘The low pressure pumps are located near the bottom of the 
wing tanks and are driven by alternating ‘current motors at 750 reyolu- 
"tions ‘per minute. These motors are controlled from the control house. 
The high pressure pumps are located in a small house beside the con- 
trol house and have independent suctions from outboard. They are driven 
by motors, which are controlled from control at. 3,000 revolu- 
tions per, minute. By means, of a control valve, the. pressure within. the 
can be maintained at any. desired. point. up. to..117.5 per 
square.inch, which corresponds to a sea depth of 264 feet. The high: pres- 
sure pumps are capable of, attaining the. pressure of 1105 squadas in’ ten 
‘minu 
The ‘slide. valves for rapid drainage: of the cylinder: shaivie ‘a 39:87-inch 
diameter opening. They are opened and:closed by motors controlied:from 
-the control house::|\The position of ite is) oad 
40 inch ¢ the center of the cylinder. ‘The submarine is then 
‘ahd the dock ‘raised ‘until the vessel rests’ on the ‘keel blocks... 
vessel is stayed from the sides ‘and from above. 
én the caisson has been floated into place and. clamped he 
unk connected the the pumps. are, started and 
rom the pontoons ylinder. @.air escapes 
in. the domés; at the top. the cylinder... When the. water, reaches 
e domes, valves automatical ly close ‘the. air ;which; remains..can 
escape; only,, the air, pipes. leading from, the! top. of the. dome: tothe 
control. house, cylinder... is., completely, filled:.water: -escapés 
through the: air control howe, 
If submarines are:to: be docked for on either side: ofthe 
operatiotis are like those:df:a: floating:dry not'negessary to 
on: each side'of the’ dock; uneven being maintained by 
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When 'the dock was) in ‘commission by the German. Navy, tests were 
-‘runion it with the following results: ;.-The time, required. for filling the 
hour: and forty-two minutes Seven) minutes:\were, re- 
quited to\raise the pressure to 147.5 pounds; arid six minutesiwere required 
reduce the ‘water within: the: to the center of me cylinder. 
“ad? b abtiz bas b 
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THE STRENGTH OF SUBMARINE VESSELS.* 
BY Mr. W. R. 6. Warne, MBE, M.A. MEMBER, 


| ‘the probler strength of submarines when submerged the 
at:any rate, of historic. rather than practical:importance. But: thepro- 
ional interest of the is considerable and may affordisome justification 
when the cegsation of submarine 
balding ated dis distant, it appeared desirable to trace the broad. effect. of vari- 
and ;in of an, investigation 
a.much-needed light on the relative merits of structural 
In.order to obtain the quantitative data so indispensable in the early stages 
ay design, a fairly complete analysis of elliptical forms has been worked out. 
opted are in part an application of the principles enuncia ciated 
in Profesor Mar ’s elegant contribution. to. the Transactions of 1911, but 
several of the results are believed to be original, 
The problemi presents features somewhat unusual in naval architecture, 
in that the 5 system of loads to be provided for is definite, and is applied as fre- 
uently as trial or service conditions require." The divergence i in these respects 
m' the loadings due to wave action or to flooding on the longitudinal or the 
transverse structure of' Surface vessels need not be enlarged upon.’ For’ such 
vessels, however, the jt set up bya conventional wave loading are known 
with an approach’ to’ accuracy ‘whichsubmarine’ strength calculations can 
scarcely equal. In most existing submarines the bulk of the material is‘ fn com- 
pression, and this involves the same difficulties, though in an’enhanced degree, 
as arisein the theory of struts. Since'the hydrostatic pressure on every point 
of a submerged vessel varies as the depth of the point from the surface, the 
on any section do not maintain a constant proportionality between 


pressures 

themselves as the depth increases. For considerable depths and small hull 

diameters this ratio approximates to unity} and it is Poems ath to substitute 

real pressure a. uniform one corresponding to the depth of the. axis. 
validity of this creased dimendions ae becomes worth attention as lower factors of 


safety and epee. Since the external pr€ssures act 
normally on every part of the surface material com any transverse 
section ia withstand the system of De acting in its own plane and also the 
longitudinal components of all the forces acting between one extremity of the 
vessel and that section. The reaction to the longitudinal forces can be su: jlied 
only by’ the fqre and aft structure of the vessel, the 
The compressive stresses that arise, though considerable, inferior im- 

compated''to the transverse stresses, and will not be referred to 

eafter, save in the® A) 
‘Surfac we take a circular section of 


(Pig: » The 


* Paper read at the Institution of Naval Architects, March 16, twat. 


a 
q 
4 9 
re 
4 
i 
4 


f 
1 
t 
e 
h 
n 
n 
l- 
e, 
rt 
il 
te 
is. 
of 
ct 
se 
he 
he 
1e. 
m- 
to 
ast 
it) 
ing 
vat 
the 
The . 
pis 
int 
this 


compression 
increment: é C to this tangénitial he satisfies 
The. thickness of the section: has: been taken. 


Jength cube of the liquid... 


tities, the section 


eformed. reaction at the bot bottom is horizontal 
somanes whilst.at the top.it vanishes. Now, imagine all the 


forces reversed in direction, so that the gravity forces act upwards and. 
the hyn drostatic forces act outwards... Equilibrium will be maintained, but the 


42 


value be assumed the equilibrium conditions of an element are such that the 
; applied forces, when: resolved | by elemen methods;,: suffice: to: change the. 
angle @.and to add an’ 
the: terminal: ¢onditions. 
OR 
| 
‘quadrant (Fig. 2). All gravity forces are now acting downwards, but negative: 
hydrostatic forces act on the upper quadrant, the hoop compression. decreasing 
from an intensity —R?/2 to zero as one advances from A to B.. A:tension at. 
§ » Aandan equal compression at C balance the whole of the applied forces. .Pro-. 
__-vided angles measured above OB are treated as negative, the expression sin’ 
: 6.R*/2 continues to represent the hoop thrust everywhere. : 


nore the variation of pres- 
force at the top,dind to 
horizontal diameter 


9 which would exist were the pressure at-the point 

uiform over the entire hoop and that due to the mean pressure. 
Analysis of. the Loading.—Clearly, we elected to apply. Some ‘other 
uniform pressure, say, R, then would represent the interniil 
reactions for a depth of axism R. This suggests the most satisfactory method 
marine may always be split up into’a’part‘varyinig: with the depth and a part 
independent of it, Let the primary (or submergence) ‘system ‘of loads and 
_ reactions be that caused by a uniform ie Fad to. that at the center of 
the section. Then the secondary (or surf. is formed by the pressures 


due to semi-immersion, acting on the lower ning Be 92 of the section, together with a 
reversed imag tof structure, and the loads tranamite to these must be added 


the weight of structure, &c., and the toads ‘from or to neighboring 
sections by any longitudinal mem 
The submergence loads, and stieness form a system of which 
the scale varies with the depth and the distribution with the geometrical 
erties of the section: The surface system, onthe other hand, is of fixed sca 
and depends on the geometrical properties and on the mass disposition. Owing 
‘to the nature of the loading the surface system gives rise, in bi-symmetrical 
cases, to reactions which are equal and of opposite sign at, the extremities of a 
vertical diameter. On the horizontal diameter, the bending moments must 
vanish, leaving ving he sole internal reaction at those points. The 
same tendency 1 be displayed in singly symmetrical forms. As an example, 
take the case of an elliptical fore end, Saygad axis vertical and axes ratio 10 to 5. 
The table gives the various stresses serps and i s compiled the cross 
curves referred to later on the following oe 
The bending moments are in units 0: (unt? length)” X (weight of unit 
length cube) ; forces are in terms of weight « of unit length cube. The major axis 
is taken as 10 units length;the depths, as defined above, are those of the center 
of figure below the surface +28 the wy disposition 1 is uniform and equal to 
the displacement. Adding thé’ ot the surface and any sel 
mergence ‘condition, the actual’ internal reactioris become known. ” 
that for any considerable depth the submergence taken alone 
an‘excellent first approximation, to bending moments. ‘It bo: 
a legitimate one, since the surface herein defined gives ‘to equal 
postive a and negative departures from it. it} 
Cross curves'for all ellipses, placed with ‘major axis ‘horizontal or 
iven in Figs, 8and en od of calculating the 


evaluation, it will probably be he pu 
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now vanishes at:A, increases 2:Rvat In 
i fact} we have: reproduced the condition of a circular-sectioned! vessel: just im- 
at all points; which, being: to the existing thrusts and tensions, produces 
a thrust at A, at B, and 3/2.R# at'C, At any point (1 + 
3 For any circular section just immersed th : 
sure from top to bottom is, therefore, to. dow 
q reduce that at the bottom by one-third. The 
_— is unchanged... Should a depth of axis of several diame under er- 
q ation; the approximation becomes very much closer, but since the correct'value 
is so Simply Obtained it:may be employed in preference. . The following state- 
q 
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less laboriohié Wholly Purther, the dlepéaition of 
weights, which thy fe includes ballast ‘ ‘or ‘oil, is not invariable, but 
no possible variations of this nature, or ever of the structufal material, 
poe ‘to'so affect, the surface system as to cause any important effect on 

ed=system at considerable depths. It will be assumed when detira 


: in “Whe fo that the surface system has been directly calculated or other- 


been disposed of. 


iting Cir Forms.—It the 

pressure surface and Dep for Gear neutral axes of the 

the statement (1) measures the pabsbpetelont fol check struc 
tural dimensions are finite, provid caren (R) is that of the eel hoop 
and the pressure intensity assumed. tobe to the surface containing the 
neutral hoop is made equivalent to that acting on the actual external plating. 
For extreme cases in which the depth’ of immersion is small, tions 
analogous to those for critical distributed loads on long struts apply, * but in 
general it will-be sufficient. to apply the Eulerian formula. Apa, 

the form-retaining properties of Bilkheads, the limiting 
at _which-collapse-may- certainly where.E. is. the 
Young's Modulus, I the moment. of She, 

frame spacing, and R the neutral hoop radius. 

This expression may be deduced from the limit for a pivot-ended. pillat 
length #R/V/3 and accords with the observed experimental collapse of : 
wie triangular At follows that:— 

the longitudinal element is constant, equivalent pressures va 
inversely as the cube of the radii. Pe. 

(3) If all linear dimensions are varied in’ the same ‘ratio, the equivalen 

pressures are identical, and hence : 


‘seams and the s 
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seam (or of a bu heigl. 8 the relisves.the-faying edges of pressure 
the line of thrust ‘not coincide with neutral of the section. 


this intercept is za moment p. Ris must be borne by the structure. The 
compressi reser of the frame remote from\the landing is in- 

creased and the dept ab which an. stress will be repched is given’ by ven by 
Aah kor I/Rs (Asy +1), where A is the area and y the furthest 

the frameelement. Written in this form the ratio/of Az to I 

sures the importance of the effect of the lap. Should plating be worked 


Different sets of-values‘apply, an “out strake respectively 
For the value of R sée the 

Non-uniform Circular ‘common casé Of a circular 
surface combined with framing or floors laced that ‘the neutral hoo 

not a concentric citcle may be dealt with as bod ollows (Letters 5, c, d, Fig. 12):— 

Replace the continuous loading on the pressure surface bya number of 

ib oan -spaced forces each directed towards the center. Such a 

he tides of file faniculad a series of internal reactions 

with center of the ap- 


0. = Thrist xfe(r—«) 


eds 

The linear hoop therefore, the circle tric with, the pressure surface 

and boop the. mean. distance the neutral hoop “weighted,”” or 

given a line density varying as the flexibilities. 

(Fig. 3), hinged j A tangential reaction 

oceurs at each 

cnfor thrust at every po 

with poly-directional the 

tangents at the beam ends-change direction as the oad is applied, but those 

at the hoop ends do.siot. Solidifying the bey at A and B, a bending moment 

must be set up at each end of the frame CB to make the tangents above A 

and B coincide with those below. The fe cir lle 
an 


and 


a plain beam, loaded at its extremities supported symmetrically; that is 
is set up over ACB 


A I 
: great, the system of reactions takes the form of a circular hoop, with uniform 
thrust at every pointruat of unknown radius. This concept is similar to the- 
2 linear arch of a bridge, and-may’be aptly termed thelinearhoop. Theradius | . 
k of the linear hoop is determined by stating the condition of no total change 


AAG 


Yy 


Wy 


“dy 
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‘variation should be»as solid as possinte bis preferable 
The of a: attachment at the departure points has a 
is ini the eccentrically loaded 


_Nonas 


the known 

Fitid the centroid and principal axis of the sexta boop 
a line density varying as the flexibilities). 

ilate the center of zero total deformation, viz. - 


feds ths j 


ty measured rom the centroid. 


The h 
from (X,Y), an the direction of, 


The bending monaent everywhere equals 


or to excepting w a is 
tical forms, derived from these’ restilts, are pee in 
sand data for the complete evaluation of the stresses at all 
‘in Fig. 4 the actual diagram for a - particular case is drawn ‘down. 


i { | Local variation of the construction of the frame is | | ; : 
orms ‘may ealt' with by similar analysis, provi the apphed ‘pressures 
4 (considered as forces transferred to the neutral hoop) preserve uniformi distri- 
‘bution: °(See Appendix’ fora further consideration of this point.) The pres- 
~ sure surface being given, the force hoop (the force polygon in its limiting form) 
and its 
ex 
at and Fig. 6 to tangential and normal forces acting on the cross-sections of a 
uniform frame. If: the seantling of! the elliptical frame is varied to suit the 
ett distribution of moment the result (9) above shows that all moments will undergo 
e stréngt lus is varied at every point as:the primary moment; ' 
extreme correction is obtained, therefore, from the, curve (Letter B) in'the 
5. The direct and ‘shear forces are unaltered. 
. 7 répresents a family of ‘cross cutves for the case in’ which a pillar is 
fitted on the minor axis, deduced on similar lines by use of the ta Ban ct 
fice:-—Considering one-half of the ellipse only, replace the pillar by a side of 
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‘is included (Letter:E in lower part of Fig. :7).. 
The advantage of applying the foregoing 
‘the relative effect of variations in the design can be readily. 


analy. 


3. of 


(12), The moment. causes flexure inwards where the neutral hoop lies 
‘or. “symmetrical cases any variation. of scan causes a move- 
ment of the base of the moments, parallel to itself, and so as to increase the 
pomests in the strengthened vicinity (that is, increased strength attracts 
(14) If t. rigidity’ compared to th 
of the is of: e 
remainder, the precise disposition of the neutral ax in that part is of small 


(15) A local discontinuity (e:g., a lapped seam, butt strap of a frame, swell- 
ing for a fitting, &c.) scarcely affects the general distribution of bending moment. 
The relation of the linear hoop to the neutral axis of the discontinuity determines 
the local value of the moment. _ 
(16) The circle of deformation forms a first approximation to the linear 


.... Typical sections in which some of these éffects may be traced are given in 
Letters a to j, Fig. 12. Ambiguity exists in such cases as ¢ and f, where a cir- 
cular pressure hull has a light but deep plate connection to an external hull. 
Were there no riveted connection, this ing would serye to pasa defor- 
mation (under the ‘critical pressure) of the circular hull, in which a simple 
hoop compression would exist. Were the connection perfect, as for an electric- 
ally welded job, bending moment would be induced at every point, as ‘deter- 
mined by the previous results. The extent to which the customary open pitched 
riveting effects the same result is doubtful, and I believe important builders 
ignore any value the connection. may have, ry “ 
In conclusion I have to acknowledge my indebtedness to Miss Madeline 
Whiting who cartied out some of. the detail RE 
cross curves and to Sir W. G. Armstrong Whitworth and Co., for permission. to 
put forward this paper. rghit 
NOTE ON: THE LONGITUDINAL FORCES, | 
In the longitudinal direction every section supports the sum of axial 
components of the hydrostatic pressures up to that section, For the pcan 
‘system the resultant is p A and acts through the centroid of the section. Obvi- 


ously the transverse framing plays no part in resisting these forces. . In cylin-. 
ders devoid of transverse ee (e.g. boilers) the foagitudinal stress is one-half 


| infinite strength. The flexibility becomes zero; and the centroid and value of : 
_X .are caleulated'on that:assumption. .Certain bending moments afise in the 
imaginary side, but, when the second half is similarly treated —— in 
_ juxtaposition, these moments mutually cancel, leaving a thrust only*in the 
: side, which may now be reconverted to a pillar. A curve showing these thrusts 
predicted: as com- 
wit . Br S more general method (see Transactions, Institution of 
F : Naval Architects, 1901 and 1904), based on the theory of least work, the pro- 
1 cesses are visible and the actual calculations less intricate 
4 The same remark applies to the comparison with Professor 
nals e following deductions may wn for the general case:— ... 
(10) Points of zero bending moment by the intersect 
J the circle of deformation (radius K:) and the neutral hoop (Fig. 4)... : 
q or (11) Maximum moments occur where the normals to this circle and the 
4 hoop are co-incident. 
q oop. 
a 
q 
3 
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in the proportion varies 1 

reach or exceed unity. 
bending moments arise. The shell pla 
stresses, poring, re dit noe 
aspects o stress-strairht eory give different ‘results, ‘ect may ignored, 
save that in’ shearing s of (f:-+ft) the 


45 d 

semicircles are Each acts 34 R/16 - 
from the axis and a longitudinal moment + R‘/8 arises. The moment of iner- 
‘tia of the shell is about 2 7 R*# and a stress =R?/16¢ results. This value is 
in terms of the weight of the unit cube of water, and is very small. 


2. PROOF OF NON-EXISTENCE OF BENDING MOMENT IN A SEMICIRCULAR 
SHELL JUST BUOYANT. 


dengt perpendicular to the-mass 

boundary equal the audlacunen Let R be the radius and wish the 

weight of unit length of arc. Then mei 

Rw/2=2 R*/4 andw=R/2. 

sider an element at P, sub’ an angle 6 @ at the 
"Weight acting downwards is ¢. R/2. Presents. i 


Moments about are PPX Om” 
~The sum of these may be written tell 
(R cos ¢—R Resin 
The moment is, therefore, 


Writing M for the total moment of all forces above O about the point O, 
2M -[* (cos —cos a) sin ¢ sin (a—¢) d¢ 


=sin a—a cos [a cos 2 


=sin a—sin a cos? a+} sin a (2.cos*a—2) =O)" 
snd no bending moment occur at any printf the ae Also the 


4 
> Let Fig. 10 represent the quadrantal section. of @ right circular cylinder. 
> 
> 4 
> 

4 
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‘vertical element of the forces on and ta 
clement of the forces on Pis R'sin# cos 


*_ Ri dd sindodo. 
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the resultant is tangential at O. The 
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She 
PRESSURE’ UNIFORMITY: REQUIREMENT REFERRED 
SPAPER. 


Unfortunately, the ‘deat case never arises, except in circular forms, 

if the structural.member is:of. uniform scantling the axes ratio of the-neutral 
axes (a—z : b—z) is not equal to that of the pressure surface (a:b). Moreover, 
in general some floor plate or ‘a'maxi- 
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essure intensity must. i 
ested in harmony, 


NOTE ON THE CROSS: CURVES, 


_ These are fra mao of 10 

all fess amounts., For other lengths of axis the bending moments vary as 

te square of the length ratio for the submergence diagrams, and as the cube 

‘or the surface diagrams. The moments. are in terms of (unit. cube X unit 

length). when unit pressure ie ‘unit area or per unit length of girth for the 

when, they cause 4.e,, when they inctease the shell 

compression of an internally-framed vesse “When the major and minor axes 
are neatly equal it is ‘convenient to use tite following equation :— 

coefficient: 


GUNNERY AND. ‘CONSTRUCTION. 


_ The gunnery experiments’ which were carried: out in the Channel 
in February, and which resulted in the: sinking of the ex-German battle- 
ship had a wider significance than’ was appreciated 
at. the: time. were supposed to have been held mainly to determine 
resistance of armor and internal protection -to the attack of 
heavy naval projectiles. No official atcount' of the firing hasbeen pub- - 
lished, but’ we gather from’ unofficial’ that the bombardment was 
prea by the monitor Lord Clive, ‘which had been temporarily armed | 
: ree Heavy guns—of 15-inch or Targér caliber—on a triple mounting, 
to which ‘we shall revert later. ‘The distance between firing ship and ee 
was fot great, but the guns were fired with reduced charges, which ee 
‘a velocity equivalent: to’ that ‘which would’ remain to 
ery long range. The fact that certain German ships of older design 
‘ee substantial protection had endured at'the Battle of ‘Jutland ‘a tre- 
mendous: amount ‘punishment without’ being’ sunk or absolutely disabled 


4 


Let ig: 11) represent of: the: pressure. surface, and NA 
pes of the neutral Imagine purace capable of . 
ing introduced along NA. : Let the normal at C define a frame‘of reference. 
OXY. The forceion any element of NA is and when resolved normal 
to OX' and to OY furnishes components: 0 of The 
projections of the element.é s pty éssin 6. Hence 
the intensity of the resolved forces on the reference frame is uniformly ~, with 
a range defined by the perpendicular tangent to the curve. The pressure forces 
: actually aeting on PS when resolved similarly also give rise to. uniform pressure i 
intensity p on the reference frame. The pressure surface assumed is, therefore, 
a matter of importance only inasmuch as the ranges on the etn bene 
different. Accordingly at C the stress difference as between PS or NA 
the pressure surface is that due to the pressure p acting uniformly across CC’. 
The change im bending’ moment is approximately £x(CC’)*. If-a pressure 
. stance equal to that of the 
close. The value of the 
i 4 
3 al position.....:.... ' 50 


‘Seemed to warrant the assumption that the Baden would survive a very — 


isevere hammering. This expectation was not fulfilled. So faras we are 


‘able to gather, her flotation was destroyed long before the prescribed num- 


‘bet: of rounds: had’ been fired, either’ because our projectiles were excep- 


‘tionally destructive or because the armor and: other defenses of the’ ship 
‘were less robust than had been surmised. As originally planned, the tests, 
we believe, ‘were to have included an attack by torpedo-carrying ‘aircraft, 
though considering that the target was stationary, the practical value of 
the latter experiment cannot have been great, Even when allowante is 
‘made for the difficulty of obtaining a straight run from torpedoes which 
‘have been dropped into the sea from aircraft flying, perhaps, 50 feet above 
the surface at a speed of 70 to 90 miles an hour, it should not be hard to 
strike a motionless target with an overall length of nearly 590 feet. These 
torpedo attacks were duly delivered, but, it is stated that the Baden had 
already been sunk by gunfire and was lying in shallow water, with a heavy 
list to starboard, when struck by the torpedoes: Our illustration shows 
‘the damaged ship lying partially submerged between Dean Tail and Dean 
Elbow buoys, between the mainland and the Isle of Wight. She has since 
been salved and patched’ up for further experiments. mes, 


In the absence of data as to the type of gun used in the attack, the num- | 


ber and character of the projectiles fired, their initial velocity, and the 


general conditions in which the firing took place, it would be futile to at- 


tempt any definite inferences from this most interesting gunnery experi- 
ment.. Sir E, T. d’Eyncourt has stated, however, that the Baden’s thickest 
armor failéd under an ‘attack which British-made plates of the same thick- 
ness would have resisted. It is certainly gratifying to have this authorita- 
tive tribute to the excellence of British armor. Sir Eustace d’Eyncourt’s 
statement corroborates the remarks-made by Sir Robert Hadfield at Shef- 


field last month, which we reproduced in our issue of April ist. His 


claim was that at Jutland our armor withstood the attacks which it was 


‘ designed to defeat, and kept out the German projectiles wherever its thick- — 


ness warranted that expectation. He attributed the failure of the Queen 
Mary's 9-inch turret armor to the concentrated effect of two and probably 
“three armor-piercing shell, a blow approximating to 48,000 foot-tons. On 
the other hand, as the protographs published’ in “The Engineer” of Feb- 


ruary 20th, 1920, clearly showed, the 11-inch and 12-inch belt and barbette _ 
armor of the German battle-cruisers was holed repeatedly by our ‘pro- 


‘ jectiles. In the course of the tests made with the Baden last February her 


water-line belt, nearly 14 inches thick,--.was penetrated time after time, - 


_although, as we have said, the velocity of the projectiles. had been reduced 
to correspond with firing at considerable range. é 


To illustrate the formidable nature of the target attacked we may quote | 


from Mr, S. V. Goodall’s description of the Baden’s armor and protective 
plating, given in his recent paper read. before the Institution of Naval 


Architects. The main belt, he stated, is 1334 inches thick, patter Ad 


611/16 inches at the lower edge; above this is a. 97-inch belt extendir 


to the. upper deck. This citadel is enclosed by athwartship armor bulk- _. 


heads, and. beyond them thinner. side armor is fitted which terminates at 


+ 


armor bulkheads. Above the upper deck and set in about'5 feet from the 


deck edge is the 6 11/16-inch armor. of the secondary. battery. . The gap 


so, formed is protected by 18/16-inch deck plating. .The deck above this ° 
battery is from 13/16. inches to 19/16 inches thick. The sloping protec- 


tive deck—the middle deck amidships and aft—is 13/16 inches thick; abaft 
the citadel this deck is increased in thickness up to a maximum of.4 


inches over the steering gear. Forward of the citadel the protective deck 2 


the lower.deck—is generally 234 inches thick. Barbette protection varies 


‘y | | 
és 


= 


‘dIHSYILIVG V dO AHL 


{ 


LHE GERMAN DATTLESHIP DADEN DEING DY GUNFIRE AND 


inches at the chorizontal roof:-3:15/16 inches thick,.and ping, roof: 
434 inches::. The: 5i9-inch casemates of the: ‘secondary: battery are formed by. 
trarisverse and longitudinal bulkheads of 7-inch plating: »The fore con-: 
ning-tower has a:'maximum thickness of 1394 inches witha 57-inch roof, 
the corresponding: thicknesses for the after conning tower being 744 inches, 
and 534 inches, respectively.. Above. the protective: deck the coal bunkers. 
extend: practically from: Y barbettes, and when filled with coal rein-: 
force: the protection afforded by belt. and decks. A.furtheraddition to 
this: protection provided by the 1.3/16-inch’ splinter bulkhead,: which 13. 
a continuation: to the deck of the torpedo protection bulkhead. 
Armor gratings ‘protecting the openings: in the forecastle and: protective. 
decks: are of the:built-up type formed by }4-inch bars. In some of the pro-. 
tective- deck: openings a second tier of gratings with bars fore and aft: is: 
fitted:immediately below the upper tier. .As regards protection against tor-. 
pedoes, a longitudinal bulkhead 2 inches thick, terminating on 1 3/16-inch, 
transverse bulkheads, is fitted throughout the; greater. part-of ‘the length of. 
the ship... Outside this are:coal bunkers -about 6 feet wide,:and beyond 
an air space’? feet wide amidships and slightly less at the ends. 

‘Whatever the: shortcomings of our: pre-Jutland armor-piercing 
tiles) may. have been--and: the defects attributed to them by Lord Lord 
have been vigorously challenged by high authorities—there i is not any doubt 
that the armor-piercing shells:‘now used: in the Royal are of.a most 
efficient, type:: The modifications introduced after Jutland:concerned not. 

merely the: filling and the fuse, but a revision of the:old: proof require- 
ments: for armor-piercing shell bodies, which had. become out: of: date: We 
have been assured by a leading artillery expert that the modified type of. 
13.5-inch armor-piercing shell now in use has greater penetrative power at 
a given range than the 15-inch armor-piercing shell: fired, at Jutland, and. is. 
therefore the: more: destructive weapon of.the: two, notwithstanding that it 
weighs ‘only 1,400 pounds as against 1,930 pounds. As.the improvement: 
extends to armor-piercing projectiles ofall calibers, it goes: without saying. 
that the armament. of our present-day battle fleet is yp oe more. 
formidable than was the case a few years ago, though the ships: remain: 
the’ same. ‘Before leaving: this subject a word: may: be said about the Ger-. 
man projectiles: It had been assumed-that Germany had :adopted very: 
long:shell for +her' heavy -naval:guns, but: this opinion turns. out to be 
correct, atleast as regards the 15-inch gun. The pieces of this caliber in. 
the Baden employed an armor-piercing shell 3.5 calibers Jong and. a:high-: 
explosive ‘shell.4.1 calibers long, the. weight.in both cases being 1,653: 
pounds, of which the armor-piercing burster: represented -51.9 pounds and 
the high-explosive: burster 148 pounds, The German 15-inch projectile was: 
thus: nearly::300; pounds lighter’ than :the: British, and: its length did not! 
exceed, that’ of: the latter. On: the other hand; the German 11-inchand: 12- 
inch high-explosive shell had a length of approximately :4%4 calibers; The: 
principle of ‘using very long projectiles:is not: by any. means:of recent:date,. 
for as far back as) 1871 we find Sir Joseph Whitworth writing as: follows':—-: 
“I desire to: make, all: guns: capable of shells six-diameters: 
long, using the regular charge of. powder. high velocity. is required, 
and for jong ranges, then projectiles should: be from: three to: four’ diame- 
ters long.” It-doés not appear that shell. of: six diameters: in-length have. 
ever been fited actual warfare, though the 12+inch high-explosive: 
“ portmanteaux,” loaded ‘with. ‘‘ Shimose,”:, with: which :the:: Japanese: 'at-. 
tacked the ‘Russian ships Tsushima; are: said.to have:.been: over feet: 


| 
from above the top decks to 1+inch iplating at:the bases; 
of -Avsand) Bo oturrets;)» at), bases: 
‘ 
} 


‘They: tumbled (badly in flight, but despite: this a:remarkably 
pércenitage’of hits' was» made, and ‘the heavy burster caused‘ great havoc. 
Gunnery practice against ship targets has: not»hitherto. been: indulged! ia. 
by the: British’ Navy ‘to the>sameé extent »as ‘foreign navies;inor when: 
such tests ‘were made have’ invariably’ been :rendered‘as ‘instructive as: 
they might have been.:'\On such occasions has: been customary to: select: 
some’ obsolete ship! and> subject’ it ' to: bombardment’ by;modern: ordnance: 
_ without attempting’ to reproduce’ in the target the defensive! qualities that 
would be encountered! in modern; armored ships.’ Generally, therefore, the. 
result has been to convey an exaggerated impression ‘of ithe) destructive. 
powers of ‘the: projectiles employed.’ ‘This undoubtedly ‘occurred: in the 
cases of the Belleiste, Edinburgh, and Hero experiments: «In Germany, 
Franée,'and the United States amore practical value''was oftenigiven to. 
such’tests! by” reconstructing the target to resemble jn ‘part a: modern ‘ship. 
Germany led the way in°this direction, spending. large sums:yearly:on ‘the 
fitting out: of target ships, whole» squadrons of which were. sometimes: 
attacked simultaneously; The niost) fruitful American trial::was that) to 
which ‘the San Marcosex Texas—was subjected'in Mateh, 1911,. for the. 
result ‘brought ‘about! a revolution’ in:‘American ‘ideas of armor! protection’ 
and ‘led ‘to: the abandonment’ of armor on: the top-sides' and its‘concentra-' 
tion on the water line; gun positions, ‘and: other: vital parts. When all is. 
said and done,’ however, peace ‘experiments can’ never: be: as instructive as 
actual’ war experience. It) is: that sour) officers! con-' 
structors' derived ‘more useful information from Jutland: and: the: Dogger 


Bank than they could have obtained from years of ceaselessipeace experi-' 
ment ona lavish ‘scale, “Whatever the object ‘of attacking the Baden may 
_have been, ‘it was certainly not to°stage'a mere pyrotechnical display.: ‘The: 
Admiralty may ‘have desited to test the present type of armor-piercing shell 


against the thickest’ armor of a modefn ‘ship, to determine some ‘unsolved’ 
question of protection; or, perhaps; 'to try a new: piece of naval 
in contemplation’ for: the battleships: of the current program, 
‘The: fact'that a triple mounting for heavy guns’ was ‘used in the experi- 
ment'is very: suggestive; and while ‘there is‘ no definite evidence: that’ this 
_ system of mounting is to’ be adopted in the new battleships, the:indications. 
=. point that way.’ In common with many’other innovations in naval: 
design, we owe’ this: system to the’ Italians, who first introduced’ it’ in: the 
Dante Alighieri, laid down in 1909., ‘By taking 'the bold step of disposing 
the? main armament ‘in triple turrets, ‘the late Colonel Cuniberti: was able 
to mount a/battery of twelve’: 12-inch guns, ‘associated with a ‘powerful 
quick-firing ‘armament, ‘in :a! of only: 19,500: tons, well protected over: 
the: vitals; with an adequate ‘coal’ capacity, and ‘possessing the remarkable 
speed of! 98 Inots. ‘Had the ‘conventional. twin mounting been retained, it 
would’ not, he 'éstimated; have been possible to: arm the ship with ‘more: 
than ten» 12-inch guns, and even’ then less: weight and’ space would ‘Have 
been left over protection; ‘machinery,’ So substantiat'a gain: went 
far to offset'the objections—real:or imaginary—which mili-) 
tated agairist: the grouping of more than’ two heavy guns in’ one ‘position. 
In:the' same year the triple turret was adopted by Russia for the four bat-' 
tleships of the Gangut” class, in the designing of which Colonel Cuniberti 
had) a‘large share; and in/1910::Austria *followed ‘suit by laying! down’ the’ 
Viribus:Unitis; whose twelve 12-inch guns! were on triple :mountings. . ‘Re-' 
ports:iof’ the: gunnery! trials of! the: Dante! Alighieri ‘and Viribus:Umtis were: 
accounts’ stating» that. the ‘complicated: 'methanism’ had! 
proved; fatdlto rapid‘ fireand' that! the deflection ‘caused iby the discharge 
of the -sidesguns' made accurate practice’ impossible.' On the other’ hand 
the Italiano authorities professed ‘themselves perfectly ‘satisfied witht the 


! 
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triple: turret, which, they declared; was ias: simple: to and as; 
accurate! im firé:ias ‘the!twin mounting. experiments: were in. 
progress across the} Atlantic, and | in:1912 was) announced) that: the two 
battleships: to::be::laid- down that: year, the: Oklahoma and: Nevéda, would. 


must have: proved: satisfactory evident »fram circumstance : 
the. American: battleships: ‘built’ subsequently, excepting only: the: 
“ Marylands,’ ‘have. their: main, armament mounted on: the:same: principle. 
Both: the deflection: trouble andthe tendency, ‘when the three guns‘areifired’ 
simultaneously; of ‘mutual “(air wave” interference:to prejudice thé accurate: 
flight,of the projectiles, are said’ to have been overcome by: discharging the 
right.and left-hand guns together :and: the: middle :gun a:fraction’of;a sec~ 
ond: later, the: necessary: interval being secured. by. a: specialdevice.:0In the: 
earlier American mountings of this pattern the three guns: were apparently: 
mounted..on-a' common slide and could not be:elevated: or depressed inde- 
pendently ‘of one: another; the installation, therefore, 
three-barrelled: gun; :But -in:later-ships this: principle appears:to have-been 
discarded,; asphotograph:of the battleship: Tennessee; published in “The 
Engineer” | of 2ast,' 1920, distinctly; showed the three:14-inch: guns if 
each: of the forward: turrets at varying ‘angles! of:elevationi; 
Turning :to the question of weight, it: would appear that while the: Italians: 
employed ;mast-of the ;weight saved by; concentrating twelve guns'on: four: 
mountings instead of six in increasing the power of:the:machinery, the 
Americans have preferred to utilize the margin.’ reinforcing the:armur. 
on, the, gun positions, with the result’ that :the gross: weight}of two 
turrets is: little, if at all; below that:of three twin: turrets: less! sto 
armored. We draw this conclusion from: official ‘American figures, 
ing to which the Weight of a 14-inch turret, containing three 14-inch 50- 


caliber guns, is “not far from 2,500 tons, of’ which total, of course, 
armor’ is. the! greater part.” Since the wei eight of a British! ‘pattern: 
containing two 15-inch 45-caliber guns, w 

',Sories, is understood not to. exceed. 1 
weight of Six American '14-inch guns, trip mounted, is greatly, 
in excess Of that of six British 15-inch. ealiber mounted in 


their ammunition and acces- 
350. it would seem. that the 


the figurés being 5,000 and 4,050 tons, respectively. The. disparity is so 
great that ‘we assume that some item or items of weight. not include in the 
British total are contained in the American figure. Hitherto the. triple. 
moutiting has been looked at’askance by British naval opinion, but it may 
’ well be that the necessity of endowing’ our new ships with increased gun 
power without Haat magnifying disherisions has forced the Admiralty to. 
accept 4 system which it does rot view with entire favor. In that cas e.its, 
attitude is ‘on’a par with thatof Rear Admiral Twining, U.S.N., Chief of 
the Bureatt'of Ordnance, who in 1912 expressed a. dislike for the, triple 
turret, ‘but nevertheless recommended: if as the only method by which ead 
weight needed for additional protect “bud. be Sayed. Although the 
triple ‘turret has’ been fitted’ in ‘a British, ship, 12- mountings of, 
are believed’ ‘to ‘have’ been Manufactured. b Armstrong,. 
tworth and’Co. for the Italian Government, and a description of: one, 
‘such’ ‘mounting, designed at Elswick, puiblis! in 1912... In. this ;case. 
the gittis ‘Were ‘independently elevat depres hydraulic; power), 
acility of ‘Work ing not 
the ‘adoption ‘of triple rrets new; 
ships, if resolved upon, roby, be considered a wise step. Hctieg decided 
to resume capital ship construction after a pause of five years, we find 
that other Powers are completing and — ships which in armament 
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and ‘surpass: 'the :finest vessels: we now: possess.:: Our: de-' 
signers. must therefore cast about for’ some expedient which will enable. 
them to produce a new type, approximately equal in battle power to the best 
ships in other navies, without putting an intolerable strain:on the national 
purse, It would: be easy enough'to recover our place bound by*laying: 
down: ships: of unheard-of «dimensions «and cost, but: there are’ weighty: 
reasons against such a policy.’ The solution: must consequently. be’ sought, 
not: in mere size, but in technical modifications, such greater ‘concen- 
tration of armament, new methods ‘of protection, and: weight-saving’ prin- 
ciples in the machinery department. ‘If our designers and marine engineers. 

——_ upon their mettle they will, we’ feel: confident, evolve a type of 
warship wwhich ‘need fear no comparison’ with: foreign contemporaries of 
equal or ‘greater. displacement: and cost. The mostpowerful’ battleship 
now under construction is the United States “Indians” type, which dis- 
places 43,200 tons and: is armed with twelve 16-inch 50-caliber guns, the 
speed being 23: knots. »It does! not ‘follow ‘that: the Admiralty will deem it 
battleships would be the most suitable investment for the British Na 
By ourselves with a battery of ten 15-inch: or16-inch guns,:: 
four turrets, with adequate but note erated protection against gunfire 
and. submerged attack, machinery and boilers designed to generate the 
maximum power for their weight, and—last but not least—by th ly 
reviewing the existing standards of stress to determine the feasibility of 
accepting lighter scantlings, we may arrive at a type of ship which, if 
inferior in displacement. and cost ‘to the heaviest vessels building elsewhere, 
will.yet be admirably suited to the requirements ut the naval defense of: the: 
ber The 22, 1921. 


THE ‘USE OF GAS AND. OTHER SP! SPECIAL, SHELL. IN, NAVA, 


critical of the possibilities of a of gas to 
warfare, It is not only probable, but certain, that the crew on board a 
vessel would not have any less objection to don masks than troops in the. 
open, owing to the restricted space on board with a high temperature, lack 
of ventilation and the freedom of movement necessarily inherent to the 
work they have to carry out, but owing to the special conditions obtaining, 
on board ship, masks must be worn, 

“The experience of the war points to the are ap i of the adoption of ; a 
single type of shell, armor-pierci cing, filled with high explosive, The ques-. 
tion of combining ‘with these shell a gas charge, might therefore. be con- 
sidered, especially as the small amount of gas necessary to secure effective. 
gas $ effect on a ship favors this agtitlon., pe a shell should, be fitted. 
with a delay-action fuze, to bring the gas 

"A suitable gas for naval ah should the following charac- 
teristics: Be of a single type and new composition; have small volu 
and a high degree of persistency; be irritating and poisonous; be di 
to dissolve in water or be neutralized. It should be stable, roan y a 
atid become Piet, under the action of heat or the energ developed on. 
detonation of a special explosive charge i wl the projectile, Its composition. 
and method of employment should be kept a secret.. (Capt, Silvio Salza, 
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ASSOCIAT ION: NOTES. - 


The editions of the Februdty’ and May, 1921, numbers’ of 
the Journat of the Society have been exhausted. © In connec- 
tion with any new applications during’ the present year, adjust- 
ment of accounts will be made accordingly. " 

The following new members and associates have joined the 


since the publication’ of the Yast Jourwat,: 


We MEMBERS: 
Almon, S. L., Lieutenant, U. $. Ni’ 
Bagby, L., Lieutenant, U. 
Barker, W. C., Cominafider, U! SiN: 
Bates, Richard W., Lieutenant, U: 
Began, J. M., Ensign, U. S. 
Blaisdell, S. B., Lieutenant; 
Breed, G. G., Lieutenant, U. 
Brown, A. D., Lieutenant, U. S; N. 
Browning, M. R., Lieutenant, U. 
Bryan, H. V., Lieutenant Commander 
Bunch, Jr., SEN!" 
Burhans, A. D., Lieutenant; Ss. Ne 
Burhen, R., Lieutenant/U.S. N. 
Campbell, Herbert, Lieuténant,'U- 'S. 
Carmine, C. C., Lieutenant, U. S. Ni 
Chase, J. V., ‘Captain, GW 
-Chase, N. Liewténant Comitander, 
Clark, D. H., Lieutenant, U. 
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_ Clarke, Mr. Laurence W., Ward Line, Foot Wall St., New 
York City. 
Cocke, H, C., Captain, U.S. N. 
Conway, E. F., Ensign, 
_ Cummings, D. E., Commander, 
_,. Cummings, George Lieutenant, Uv. S. LAY 
Cunningham, F. J., Ensign, U. Ss. 
Currier, J. H,, Lieutenant, U. §, N. 
_, Davison, Ralph, Lieutenant, U.S. 
‘Dennett, Richard R., Ensign, U.S. N. | 
-deRochemont, Louis Cs; Ensign,'U. S. 
DeWeese, Wade, Ensign, VU. S.: 
Dowling, O.. ‘Commander, $. Ade vdgatl 
Downs, Thomas, Lieutenant, U, S. 
-Drischler, C. S., Ensign, U,,S, Ne Mi 
Dupré, Dallas D., Lieutenant, U. S. 
Dunn, Lucius €., Lieutenant Commander, U.S. 
Dusinberre, G. M., Ensign, -U. §. 0) 
Ricks, C. Ensign, Uc & 
Erdman, R. F., Ensign, S.. Noh i 


Fleming, Robert W., Ms: wlol: 
Friedel, D. J., Lieutenant Commander, U. S.N. 

Glover, R. O., Lieutenant, U; N.. 

Grant, L. M., Lieutenant, U.S; N. , 
Harrjson, Homer-H.,; Lieutenant,, U. 

Hartman, C. C., Ensign, U.S. N.. 
Havill, C. H., Lieutenant, S. N. 

Hogg, William, Jr., Lieutenant, Commander, U. 
Holland, C. C., Lieutenant, Sy 


& 
| 
| 
| 
i 
| 
1 
j 


Howard, Herbert S., Commander. (Gi:C:), Ui SoN. 
Ingraham, Charles N., Lieutenant;Gommander, U.S. 
Iversen, Rasmus, Lieutenant, ove!) 
_ Jackson, P. N., Ensign; U, S) Neies 
Jones, J. Douglas, Lieutenant Commander, N. 
Jordan, L. LaF., Lieutenant Commander, U. 
Keady, W. L., Lieutenant, U. 
Kerr, A. B., Ensign, U.S. N. 2 
Kirtland, D., Lieutenant, Ui SN... 
Korns, Virgil E., Ensign, U. S. N. 
Kranzfelder, E. P., Ensign, N. 
Kutz, Frank G., Commander U. Sa Novy 
Libenow, Forrest K., Lieutenant, U. S. j 
McCloy, John, Lieutenant, U. S. N. was 
McCord, F. C., Lieutenant Commander, U. S. N. 
McMahon, F. W., Ensign, U.S. NE. 
McManamon, Frank J.,, Lieutenant,. U,. N. 
_Macgowan, Charles A., Lieutenant, U. 
Martin, Ralph, Lieutenant, Commander, U.S. 
Marvel, George R., Captain, U. S. N. : 
Matteson, S. H., Lieutenant, U. S. N. 
Meigs, John M., Lieutenant Commander, U. S. N. 
Merwin, H. C., Lieutenant, U.S. N. 
Millis, W. R., Ensign, U. S. N. 
Mitscher, M. A., Lieutenant Commander, U. S. N. 
Morgan, P. C., Lieutenant, U. S. N. 
- Morrissey, E. R., Lieutenant Commander, U. S. N. 
Morse, R. S., Ensign, U. S. N. Pipics 
Mullinnix, H. M., Lieutenant, U. S. N. 
Nelson, R. F., Lieutenant, U.S. N. 
Nourse, R. F., Lieutenant, U.S. N. 


‘ 
\ 
+ 
4 
4 
‘ 
i 
~ 


642 ASSOCIATION’ ‘NOTES. 


Ryan, Derinis} Lieutenant; U. 2 iH Siswoht 
Sanders; CoH.) Ensign) Ui 
Sexton, H. C., Jr., Ensign, U.S. 
Sitz, Walter H., Captain, | 
Small, John D., Lieutenant, asbyat 
Solberg, T. A., Lieutenant, U. Ne 
Thomas,.A. C., LieutenantpU. 8: 
Wirth, T. R., Ensign, U. S..N. 
Wooster, S. H., Lieutenant, U. 
Greaves, F. G., 1215 North 9th St; ‘Wash. 
Pearson, C. F., Navy: Yard,” ‘Mare 
Island, Vallejo, Calif.) 
Stillman, B., care & Wilcox 85. St, 


ADDRESSES, 


Please keep the Secretary’ ‘informed IN 
YOUR ADDRESS. In ‘fo other way may you be ‘sure that 
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